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Teas pleasant palatability in new pharmaceuticals and 
proprietary medicinals is much simpler today due to the many 
achievements of modern flavor technology. 


“SEALVA” dry flavors (hermetically-sealed inert flavoring 
materials of exceptional quality) offer special advantages 
for products in powder, grain, flake, tablet and oil-sus- 
pension form. 

“ALVA” flavor constituents developed specifically for 
controlling unpleasant taste in liquid pharmaceuticals 
products. 


The pharmaceutical section of the Alva Research Laboratory is 
unmatched in experience and ability in treating unusual palat- 
ability problems in medicinals. Each problem is treated individu- 
ally. May we help you? 


van Ameringen-Haebler, Inc. 
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1959 Iodine Research Award 
Nominations Requested 
Prior to January 1, 1959 


Nominations are now being received by the AMERICAN PHARMACEUTICAL 
ASSOCIATION for the 1959 Chilean Iodine Educational Bureau, Inc., Award 
recognizing outstanding research in the chemistry and pharmacy of iodine 
and its compounds as applied in pharmacy or medicine. 


The award consists of $1,000 and a diploma setting forth the reasons for 
selection of the recipient. It may be presented each year at the annual 
meeting of the ASSOCIATION. 


Any member of the ASSOCIATION may propose a nominee by submitting 
eight copies of each of the publications to be considered in the competition, 
a biographical sketch of the nominee including date of birth, and a list of 
his publications. Eight copies of the nomination must be submitted to 
Robert P. Fischelis, Secretary of the AMERICAN PHARMACEUTICAL As- 
SOCIATION, 2215 Constitution Ave., N. W., Washington 7, D.C. To be 
eligible for the 1959 Award, nominations must be received on or before Janu- 
ary 1, 1959. 


A nominee must be a resident of the United States or Canada. He 
must have accomplished outstanding research in the chemistry or pharmacy 
of iodine and its compounds as applied in pharmacy or medicine. 


During the period covered by the nomination the nominee shall have 
been actively engaged in, shall have completed, or shall have published a 
report upon the line of investigation for which the award is made. During 
the period of two years prior to the date of nomination, the nominee shall 
not have been engaged in research under the sponsorship of the Chilean 
Iodine Educational Bureau, Inc. 


The recipient will be selected by an award committee which is appointed 
by the chairman of the Association's Council. The present committee 
includes Justin L. Powers, chairman; F. F. Blicke, E. A. Brecht, John E. 
Christian, Stanley G. Mittelstaedt, Lloyd M. Parks, and Linwood F. Tice. 


The recipient will deliver a paper or lecture upon the subject of his 
scientific work at the meeting at which the award is conferred. His paper, 
or address, will then be published in the JouRNAL OF THE AMERICAN 
PHARMACEUTICAL ASSOCIATION. Travel expense to the meeting at which 
the award is to be made is provided for up to $250. 


The award is now in its eleventh year. The recipient of the first award 
was Dr. William T. Salter, Yale University pharmacologist; the second re- 
cipient was Dr. George M. Curtis, Chairman of the Department of Sur- 
gical Research and Professor of Surgery at Ohio State University, and the 
third was Dr. C. P. Leblond, Professor of Anatomy, McGill University, 
Montreal, Canada. The fourth award was shared jointly by Dr. George 
Moore of the University of Minnesota Medical School and Dr. Moses 
Ashkenazy, Chief of Neurosurgery, Veterans Hospital, Houston, Tex. 
Dr. Vernon H. Wallingford, Mallinckrodt Chemical Works, St. Louis, 
Missouri, was the recipient of the fifth award. Dr. Jack Gross, Associate 
Professor of Anatomy, State University of New York, College of Medicine 
in Brooklyn, received the sixth award and Dr. Dominick Papa, Schering 
Corporation, Bloomfield, N. J., received the seventh award. The eighth 
award went to Dr. John E. Christian, Professor of Pharmaceutical Chemis- 
try, School of Pharmacy, Purdue University, Lafayette, Indiana. The 
ninth award was conferred on Dr. James O. Hoppe, Research Pharmacolo- 
gist, Sterling-Winthrop Research Institute, Rensselaer, New York, during 
the 1957 Convention of the AMERICAN PHARMACEUTICAL ASSOCIATION. 
No award was made in 1958. 
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An important lipotropic agent, Inositol N.F. 
is helpful in regulating the metabolising of 
fat and cholesterol in the body. Far reach- 
ing studies of this natural-occurring Vita- 
min-B complex ingredient have revealed an 
important discovery — whether used alone 
or with certain vitamins, Inositol N.F. is 


synergistic with other lipotropic agents. 


Thus, it becomes a significant factor in many 
pharmaceutical preparations. It is also a 
constituent of an important class of phos- 
pholipids. 

Your investigation of this prime ingredi- 
ent for your therapeutic formulations is 
invited. Our technical staff will be happy 


to work with you on formula development. 
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AS AN EMULSION STABILIZER VEEGUM excels. Less than 1% will 
increase stability of oil-in-water emulsions. 


AS A SUSPENDING AGENT, VEEGUM gives more complete suspen- 
sion and easier redispersion at lower viscosities than organic gums. 


AS A THICKENER, aqueous dispersions of VEEGUM thicken slightly 


with heat. 


Therefore VEEGUM maintains formula consistency at 


higher than normal storage temperatures. Thixotropy gives it the 
suspending ability of a gel. 
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sample for your laboratory? You will find VEEGUM the answer to 
difficult formulation problems. 
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CHEMICALLY 


Amerchols® non-ionic 


OINTMENT BASES AND EMULSIFIERS which contain 
Lanolin Cholesterols in their Most Active Form. 


These stable cholesterol and multisterol surfactants 
induce rapid drug release, promote optimum healing 
rates, and are safe for the most delicate tissues. We 
know of no case of an allergy due to an AMERCHOL.” 


Modulan® is the ecety! derivative of 


pure lanolin’ with unique new properties for use in 
OINTMENTS AND EMULSIONS. It imparts waxy, pro- 
tective hydrophobic films; is oil soluble and compatible 
with O/W emulsions, soaps and shampoos. Clinical in- 
vestigations indicate that MODULAN IS HYPO- 
ALLERGENIC.” + (U.S. PAT. NO. 2,725,334) 


*References, technical data and suggested formulations 
are available from our research laboratories. 
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Purification of Fructose on Ion Exchange Resins* 


By IRA B. CUSHING and RAYMOND V. DAVIS 


A method is described for the purification of 
fructose made by fermentation of mannitol 
with Acetobacter suboxydans. Some observa- 
tions on the behavior of fructose on strongly 
basic ion exchange resins are recorded. 


ty HAS BEEN KNOWN since 1904 that Acetobacter 

suboxydans converts mannitol to fructose in 
high vield, but until recently only small scale lab- 
oratory fermentations had been reported. At 
Abbott Laboratories submerged fermentation 
studies have provided large amounts of fructose- 
containing beer (1). This paper reports methods 
for the treatment of such beer with ion exchange 
resins to obtain crystalline fructose for pharma- 
ceutical use. 

Two main problems were encountered. One 
was the complete removal of color formers, and 
the other was suppression of side reactions such 
as the adsorption and epimerization of sugar on 
the ion exchange Two methods were 
evolved for getting syrups of acceptable purity, of 
which the second proved to be more practical. 

The untreated beer was a pale yellow solution 
containing about IS per cent fructose. The 
yellow pigments were readily removable by car- 
bon, but there remained colorless organic impuri- 
ties which caused formation of more color when 


resin. 


the solution was evaporated in vacuum. Crys- 
tals were obtained from such an evaporated 
solution by crystallization from alcohol, but in 


* Received May 15, 1958, from Abbott Laboratories, Re- 
search Division, North Chicago, Ill 

Numerous analyses for reducing sugar were provided by the 
Control Department, and fermentation beers were supplied 
by the Microbiology Department and the Development Lab 
oratories 


very poor yield, and a 10 per cent aqueous solu- 
tion of such crystals turned deep red if heated for 
fifteen minutes at 114° for sterilization. To be 
acceptable, the crystals had to be pure enough 
that the solution would develop no color when 
heated under these conditions. 

Since the beer contained 0.05 per cent KH,PO, 
as the only significant inorganic constituent, the 
solution seemed ideally suited to treatment with 
ion-exchange resins. The nitrogen content of 
only 0.5 mg. per liter indicated a low content of 
amino acids, which are often the commonest color 
formers. We soon learned that most color form- 
ers were adsorbed on strongly basic anion ex- 
change resins such as Amberlite IRA-400' or 
Dowex 1,? but were poorly adsorbed on the more 
weakly basic resins. A simple sequence of al- 
ternating sulfonic acid cation exchange resins 
and quaternary ammonium exchangers, no mat- 
ter how many times repeated, failed to produce 
suitably pure crystals. 

A solution (2) to the problem was found when 
we observed that the fructose solution after pas- 
sage through two columns, Amberlite IR-120* 
followed by IRA-400, could be autoclaved for 
thirty minutes at 114° to produce bright yellow 
condensation products between fructose and the 
unknown impurities. These condensation prod- 
ucts were completely adsorbed on a freshly pre- 
pared bed of IRA-400 in the hydroxyl form. A 


! Product of Rohm and Haas, Philadelphia, Pa., abbrevi- 
ated IRA-400 

* Product of Dow Chemical Co.. Midland, Mich 

* Product of Rohm and Haas, Philadelphia, Pa., abbrevi- 
ated IR-120. Amberlite [R-112 mentioned in the patent is no 
longer made 


765 


766 


final passage over a regenerated and washed col- 
umn of IR-120 reduced the pH of the purified 
solution. This was called ProcessI. (See Table 
I.) 

It was soon apparent that Process I was too 
costly. Process II was then devised which elim- 
inated the autoclave It was observed 
that the condensation of color formers with fruc- 
tose was accomplished readily at room tempera- 
ture at a pH between 9 and 11. The pH chosen 
was high enough to cause condensation of impuri- 
ties to take place rapidly before bacterial growth 
could occur, and yet low enough that alkaline 
degradation of sugar was negligible. It will be 
shown in the experimental section that the alka- 
line catalysis was best obtained by addition of 
some alkali followed by passage over a small 
amount of IRA-400. During the alkaline reac- 
tion there was rapid development of intense light 
absorption at low wavelengths. The cations 
were then removed on IR-120 and the color form- 
ers on IRA-400. (See Table I.) 


step. 


I.-SuMMARY OF Process I AND Process II 
Step Purpose 
Process IR-120 Remove cations 
IRA-400 Remove anions and color 
formers 
Autoclave Condense persistent color 
formers with fructose 
IRA-400 Remove condensation prod- 
ucts 
IR-120 Reduce pH 
Process pHelevation Condense color formers 
II and/or with fructose 
IRA-400 
IR-120 Remove cations 
IRA-400 Remove anions and conden- 
sation products 
EXPERIMENTAL 


Measurement of Absorbance.—Absorbance was 
measured in the Beckman DU spectrophotometer in 
a l-cm. cell at the arbitrarily chosen wavelength 350 
my. The absorbance of fructose solution falls from 
very high values in the ultraviolet, without any 
peaks in the curve, to very low values at the red end 
of the visible spectrum. (The weak maximum at 
279 my can be seen only in solutions of pure crystals. ) 
At the wavelength chosen, solutions colorless to the 
eye gave measurable readings in a l-cm. cell, yet the 
yellow color of the autoclaved solution in Process I 
could be measured without dilution. Ten per cent 
(w/v) solutions of fructose crystals which appeared 
colorless to the eye when viewed in 500-ml. or 1000- 
ml. bottles had an absorbance of less than 0.04 at 
350 mpg. On the American Public Health Associa- 
tion scale (3) originally set up for the examination of 
drinking water, a fructose solution with an absorb- 
ance of 0.04 gave a reading of about 10. 

Losses on Quaternary Ammonium Base Resins. — 
By far the largest part of the loss of fructose occurred 
by adsorption of each passage of the fructose solution 
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over the strongly basic resin. 


Because some im- 
purities were so poorly adsorbed we found it neces- 
sary to use the rather large ratio of 150 ml. basic 


resin to treat 120 Gm. fructose. Approximately 9 
Gm. fructose is held by this much resin in the hy- 
droxylform. Therefore, the average loss per column 
passage was approximately 7 to 8% of the total 
fructose, but sometimes varied considerably from 
this figure for unknown reasons. 

It has been shown (4, 5) that the adsorption and 
epimerization of fructose is negligible on the carbon- 
ate form of the strongly basic resin. However, the 
carbonate form was much less efficient in removing 
color formers. In Table II is shown the comparison 
of the hydroxyl and carbonate forms of the resin. 


Tasie Il.—-Errect or Form or Basic RESIN ON 


Final 


Vield of 
4 Auto- 
Forerun Columns clave 
st + Auto- Color of > 
Resin IRA-400, clave, Syrup 
Form ml % 350 ma RS, deg 
OH 120 86 0.06 —84.5 
*/: COs 96 92 0.31 — 86.6 
CO; 75 90 1.0 — 88.3 


The half carbonated resin was obtained by mixing 
equal volumes of the carbonate and hydroxy! forms 


and pouring the mixture intoacolumn. The volume 
of the forerun from the first LRA-400 column, before 
the first sugar effluent appeared, decreased as fruc- 
tose adsorption decreased until in the case of the 
fully carbonated form the volume of forerun was 
equal to the holdup volume of the resin bed. Col- 
umn 4 of Table I] shows the absorbance of a sample of 
finished syrup, without a crystallization step, ad- 
justed to 10% w/v fructose concentration and heated 
at 114° for fifteen minutes 

[a] RS as a Measure of Epimerization and Frag- 
mentation.—In column 5 of Table II is given [a] RS, 
a specific rotation based on reducing sugars, which 
was found very useful in following the effects of basic 
resin columns on fructose. It is calculated by divid- 
ing the observed rotation by the per cent reducing 
sugar obtained by the alkaline copper reagent. The 
substances in solution inert to oxidation by alkaline 
copper do not enter the calculation and the possible 
optical rotations of any impurities is ignored. If 
fructose were the only oxidizable substance present 
[a] RS at 25° and c = 10 would be —90°. All rota- 
tions were observed with the D line of sodium. The 
correct values of specific rotation of fructose at any 
given concentration and temperature were obtained 
from the work of Tsuzuki, Yamazaki, and Kagami 
(6). 

Because there are oxidizable impurities in varying 
amounts in untreated beers, values of [a] RS are only 
comparable when taken on the same beer. 

It was found by paper chromatography that glu- 
cose accounted for only one-third to one-fifth of the 
oxidizable impurities in finished resin-treated beer. 
Some oxidizable impurities are present in the carbon 
treated and filtered beer, but more are formed by 
fragmentation of fructose on IRA-400. The acids 
known (4, 5) to be formed from fructose by IRA-400 
should be held by the resin under our conditions. 
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Effect of Flow Rate on Epimerization.—Other 
workers (7-9) have shown that conversion of fructose 
to glucose and mannose is very extensive at the long 
contact times with strongly basic resins. We were 
able to minimize the loss due to such conversion by 
operating at rapid flow rates. To obtain such rates 
we used resin beds only 40 to 50 cm. in depth which 
is less than usually considered necessary for efficient 
ion removal 

In Table III an example of the effect of different 
flow rates taken from Process I is illustrated. 


-Errect OF FLow RATE ON YIELD AND 
ROTATION 


Taste III. 


Flow Rate, 

Min 
20 74 
50 86 


RS, deg. 
—75.3 
—85.2 


to Syrup, 


In this example the column of basic resin contained 
300 ml. of resin which had a hold-up volume of 
roughly 150 ml. At a flow rate of 50 ml. fructose 
solution per minute the average contact time of a 
fructose molecule with the resin was three minutes, 
compared to seven and one half minutes at the lower 
rate. 

Although the general inverse relation of degree of 
epimerization and fragmentation with flow rate was 
repeatedly observed, many anomalies were uncov- 
ered which showed that there are unknown variables 
in this reaction. For example, in Table 1V fructose 


1V.—Errect or FLow Rate Over IRA-400 
ON ROTATION 


Flow Rate, Observed 
ml./Min Rotation, deg. 
25 —13 
12 —13 
50 —13 


RS, deg 
—84.0 
—83.5 


beer treated with a cation exchanger was passed over 
a bed of IRA-400 in the hydroxyl form. After each 
rate was established, 400 ml. of effluent was discarded 
and then a 100-ml. portion was collected for assay. 
The variations in [a] RS were in the expected direc- 
tion but the difference between the values at the 
lowest flow rate (contact time twelve minutes) and 
the highest rate (contact time three minutes) was 
much less than expected. 

Another observation was that in pilot plant runs 
contact times of fifteen minutes produced no greater 
drop in [a|]RS than seven minutes did in laboratory 
runs. 

Within the range of pH of our IRA-400 effluents, 
8.5 to 9.5, we found no relation of pH to losses. 
However, in the first IRA-400 column of Process II, 
where the pH of the input solution was 10 or over, 
adsorption was sharply reduced. 

Regeneration of Anion Exchange Resin.—In the 
first process, the autoclaved and cooled fructose 
syrup was passed over the resin, and the resin was 
then regenerated with 0.5 N sodium hydroxide. 
After approximately ten such cycles the resin began 
to show reduced capacity for adsorption of the 
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colored condensation products, and after still more 
cycles the ion exchange capacity was also reduced 
and disintegration of the resin beads to finely divided 
amorphous material was plainly visible. This 
breakdown was completely prevented by exhausting 
the resin with 1 N sulfuric acid after each use, before 
regenerating with alkali. This practice was con- 
tinued in the second process even though it was ob- 
served that the amount of colored degradation prod- 
ucts, removable by sulfuric acid but not removable 
by alkali, was markedly reduced. It is not known 
in this latter case if exhaustion by sulfuric acid after 
each passage of fructose was necessary for maximum 
resin life. It is therefore possible that exhaustion 
with acid after, say, every fifth cycle might suffice. 

Condensation of impurities by Catalysis at Alka- 
line pH.—The elevation of pH necessary for conden- 
sation of impurities in Process II was obtained in 
three ways: (a) by passing the beer through a short 
column of IRA-400 resin; (6) by adding sodium hy- 
droxide to pH 11 and allowing the solution to stand 
at room temperature; and (c) by adding sufficient 
sodium hydroxide to elevate the pH only to about 
10, filtering after a short waiting period, and passing 
this alkaline solution through a short column of 
IRA-400. Method (a) was impractical because a 
flocculent precipitate formed when the pH rose and 
this partially plugged the column and reduced the 
flow rate. The third method consistently resulted 
in the best purification. The short column of resin 
seemed to function catalytically to complete the 
condensation of potential color formers rapidly un- 
der the mildest conditions. 

During the alkaline reaction there was rapid de- 
velopment of intense absorption at short wave- 
lengths, accompanied by a fall in optical retation. 
Table V shows the changes in these two variables, 


TaBLe V.—-CHANGE IN ABSORBANCE AND ROTATION 
in 0.04 N NaOH 


Absorbance, 350 mys 
eer Crystals 


.03 0.005 
1.9 0.04 
3.6 0.06 
3.8 0.10 


-Rotation, deg.— 
Beer Crystals 
—14.0 
—13.8 
—-13.8 
—13.8 


—14.0 
—13.3 
—13.1 
—13.0 


0 


compared with the corresponding changes in a solu- 
tion of fructose crystals, adjusted to the same initial 
rotation. Absorbances of beer were read by diluting 
a portion 10 times and multiplying the dilution read- 
ing by 10. The small change in rotation of the solu- 
tion of fructose crystals was due to the change in 
volume caused by addition of 5 N NaOH as well as 
to a small shift in rotation with pH. 

Examination of Impurities in Finished Syrup.— 
In order to reveal some of the other constituents by 
paper chromatography, the syrup was applied as one 
microliter spots containing, according to the rota- 
tion, about 200 mcg. fructose. After the chromato- 
grams had been developed by downward flow with a 
suitable mixed solvent, the location of spots was de- 
termined by the method of Trevelyan, Procter, and 
Harrison (10). Greater uniformity of development 
was obtained by dipping the paper in silver nitrate 
in acetone (as in the original method) drying, then 
dipping the paper in the solution of sodium hy- 
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droxide in alcohol instead of spraying this reagent as 
in the original method. One normal ammonia was 
found adequate to remove unused silver nitrate from 
the paper, and did not weaken the paper as did the 
6 N ammonia of the original method. Surprisingly, 
we found no other developer which would reveal as 
many minor constituents as this reagent. 

By these techniques, it was shown that glucose in 
a finished syrup from Process I, having an [a|%} RS 
of —86° was only 0.5 to 1.0%. In Process II the 
glucose dropped to 0.25-0.5%. It was also found 
that residual mannitol was present only to the extent 
of 0.5% of the weight of the fructose. 

For a more detailed examination of the inert con- 
stituents, portions from each step of process I con- 
taining about 20 Gm. of fructose were obtained. 
The fermentable sugars were removed by yeast fer- 
mentation and the remaining unfermented material 
was passed through 120 ml. IRA-400 to remove 
traces of fructose and glucose. The nonfermentable 
substances showed a gradual rise, with no one step 
consistently responsible for the increase. Chromat- 
ograms of nonfermentables from starting beer and 
finished syrup developed twenty-four hours by 
downward flow with acetone, butanol, water (7:2: 
1) showed 5 spots having Ry, the speed of movement 
relative to fructose, of 0.15, 0.79, 0.91, 1.47, 1.71. 
There were, in addition, in finished syrup many 
minor spots forming almost a streak throughout the 
developed area. The spot at 0.15 was present in 
beer but increased during processing. The spot at 
0.91 gave a test for aldose or ketose with aniline 
oxalate as developer. When 1.23 Gm. of nonfer- 


mentables were passed a second time over 120 ml. 
freshly regenerated and washed IRA-400 (OH 
effluent no longer gave a spot at this position. 


), the 

The 
spot at R,, of 0.91, therefore, seems to be a nonfer- 
mentable sugar which is very poorly adsorbed on 
IRA-400. Its position corresponds to the speed of 
movement of psicose which has been reported (8) to 
be formed by action of IRA-400 on glucose, but no 
authentic sample was available for comparison. 
The Ry, for the same finished syrup developed with 
acetic acid, butanol, and water (5:2:1) were 0.14, 
0.95 (mannitol), 1.17, 1.47, 1.90. In Process II the 
spots due to inerts were in the same locations, but 
the total amonnt in finished syrup dropped to 2 to 
3% of the total solids. 

Detailed Experimental Procedure.—A procedure 
for Process I has not been included because it was the 
less practical of the two procedures. 

To 800 ml. of fermentation beer containing about 
18% fructose was added 1% w/v of an activated car- 
bon such as Darco G-60,* and 1° w/v Supercel- 
Hyflo.* The mixture was stirred for thirty minutes 
and was filtered. To the filtered beer was added 3 
ml. 5 N NaOH and the solution was stirred fifteen 
minutes, 1% Supercel-Hyflo was added and stirring 
was continued another fifteen minutes. The solu- 
tion was filtered and the filtrate was passed through a 
bed of LIRA-400 16 cm. deep and 50 ml. in volume at a 
flow rate of 30 ml. per minute. The beer was fol- 
lowed with sufficient distilled water to wash the re- 
maining fructose solution from the column. The 


* Product of Atlas Powder Co., Wilmington, Del 
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beer was then passed through a well-washed bed of 
IR-120, H* form, depth 48 cm. and volume 150 
ml.,* at a flow rate of 30 ml./min. and was followed 
with sufficient distilled water rinse. A second IRA- 
400 (OH ~) column, depth 48 cm. and volume 150 ml. 
was prepared. If the column had previously been 
used for fructose purification it was exhausted first 
with 1 N sulfuric acid, and, after most of the excess 
acid had been washed out of the column, was re- 
generated with sodium hydroxide and was then 
washed free of excess alkali. The fructose solution 
was passed through the column at a flow rate of 30 
ml./min. and was followed with the usual distilled 
water rinse. The fructose solution was evaporated 
under vacuum at an inside pressure of 10 mm. 
mercury, with a jacket or bath temperature of not 
over 45°, until the syrup was about 85% total solids 
and 15% water. One volume denatured ethanol 
was added to the syrup and the mixture was stirred 
and warmed gently until a uniform solution occurred. 
Stirring was continued and when the tempera- 
ture fell to 40° a few fructose crystals were added. 
Stirring was continued at room temperature until 
crystallization was complete, which was generally in 
less than ten hours. The crystals were removed by 
vacuum filtration and were washed with some fresh 
ethanol, and were dried under vacuum without heat. 
Table VI gives a summary of the yield at each step 
calculated from the observed rotation and assuming 
that fructose is the only material present giving a 
significant contribution to the observed rotation. 


Taste VI.—SuMMARY OF RESIN TREAIMENT OF 
FRvucTOSE BY Process II 


Vol 

After 3 ml. 5 

N NaOH 
IRA-400, 

5O mil. 
IR-120, 150 

mil, 1020 
IRA-400, 150 

ml 1040 


750 —14.3* 118 


860 —12.3" 13. 117 
— 10.5" 7 119 


—9.5" 6 110 


Syrup weight 134 Gm. approx. %F = 110/134 = 82% 
Wt. crystals 85 Gm. (77%). Overall yield 72%. [a]4) = 
—89° (c = 10). Autoclave color, 350 my, 10% solution = 
0.025. 
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Correlation Between Anticonvulsant Activity 
Plasma Concentration of Ethanol* 


and 


By RICHARD L. WORKMAN, Jr., EWART A. SWINYARD, ODELL F. 
RIGBY, and CHESTER A. SWINYARD 


Ethanol was found to exhibit anticonvulsant activity in nontoxic doses as measured 


by four of six well-standardized methods. 


The effective dose of ethanol, as deter- 


mined by the various tests, was found to be linearly related to its plasma concen- 


tration. 


The initial increase in low-frequency electroshock seizure threshold, in- 


duced by a single large dose of ethanol, was followed by a significant decrease. The 
central nervous system tends rapidly to accommodate to the ethanol milieu so that 
the electroshock seizure threshold does not exactly parallel the plasma ethanol con- 


centration. 


r IS WELL KNOWN that the acute administration 

of ethanol depresses the central nervous 
system. Nevertheless, ethanol is also known to 
precipitate seizures in epileptic patients (1-3) 
and, consequently, this cgent is generally with- 
held from persons afflicted with this disease (4). 
Despite this apparent discrepancy, comparatively 
little attention has been directed to the anticon- 
vulsant properties of ethanol or to the effects of 
a single dose of this agent on the brain excita- 
bility of laboratory animals. Except for a few 
cursory reports on the ability of ethanol to elevate 
the threshold for electroshock convulsions (5-8) 
and to modify the pattern of maximal electro- 
shock seizures (8, 9), there is a lack of precise 
experimental data on the anticonvulsant prop- 
erties of this agent. Therefore, it was thought 
important to test ethanol by a battery of well- 
standardized methods. In order to correlate 
the anticonvulsant activity of ethanol with its 
level in the extracellular fluid, the concentration 
of plasma ethanol also was determined. The 
results obtained provide the basis for this report. 


METHODS 


Adult male albino mice obtained from the Car- 
worth Farms (CF #1 strain) were used as experi- 
mental animals. They were maintained on Purina 
Laboratory Chow and allowed free access to food 
and water except during the short time they were 
removed from their cages for testing. The ethanol 
was administered orally as a 20% (w/v) solution 
and the animals were tested at the times indicated 
below. 

Anticonvulsant Assay Methods.— Anticonvulsant 
potencies (EDy,) were determined by a battery of 
six assay procedures, four electrical and two chem- 
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The significance of these observations is discussed. 


ical. The tests based on electrically-induced 
convulsions measure the ability of a drug to modify 
the pattern of maximal electroshock seizures evoked 
by supermaximal current (MES test; 50 ma. al- 
ternating current, 0.2-second stimulus duration), to 
elevate the threshold for minimal electroshock sei- 
zures (alternating current; 0.2-second stimulus 
duration) in normal mice (a. c. EST test) and in 
hyponatremic (low-threshold ) mice (HET test), and 
to elevate the threshold for low-frequency electro- 
shock seizures (1. f. EST test) induced in mice by 
unidirectional current delivered at an intensity 
twice threshold (0.2-millisecond duration, 3-second 
stimulus duration, six pulses per second). The tests 
based on chemically-induced convulsions measure 
the ability of a drug to modify the pattern of maxi- 
mal seizures evoked by pentylenetetrazol (Metrazol ) 
injected intravenously (MMS test; 38 mg./Kg.) 
and to elevate the threshold for minimal seizures in- 
duced by the subcutaneous injection of Metrazol 
(Met. test; 85 mg./Kg.). In addition, neurotoxicity 
(TDs) was determined on the basis of signs of mini- 
mal overt neurological deficit. Except that a Grass 
Stimulator (model S4B) was used for the 1. f. EST 
test, the details of the various procedures and the end 
points employed for determination of acute neuro- 
toxicity in mice have been described elsewhere 
(10-13) and need not be repeated here. For the 
determination of EDy or TDy, groups of 10 to 12 
mice were given various doses of ethanol orally and 
tested at the time of peak effect (thirty minutes), 
as previously determined by the MES test, until at 
least three points were established between complete 
protection or toxicity and no protection or toxicity. 
The results obtained were then plotted on loga- 
rithmic probability paper and a regression line was 
fitted to the plotted points by eye. From this plot of 
the data, the EDy or TDy was determined and the 
protective indexes (Pl = TDw/EDs) were com- 
puted; 95° fiducial limits were calculated by the 
method of Litchfield and Wilcoxon (14). 


In a separate series of experiments, 100 mice were 
randomly divided into two equal groups. One group 
was given orally 4,500 mg./Kg. of ethanol as a 20% 
(w/v) solution, and the other group was given the 
requisite volume of water; the low-frequency 
electroshock seizure threshold was determined for 
both groups at the times indicated in Fig. 2. The 
mice were shocked at various voltages by the stair- 
case procedure (15), and the voltage required to 
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evoke convulsions in 50% of each group was deter- 
mined; the 95° fiducial limits were calculated by 
the method of Litchfield and Wilcoxon (14). The re- 
sults are presented as the threshold ratio (threshold 
of drug group/threshold control group). The above 
experiment was repeated with a fresh group of 100 
mice and a 6,000 mg./Kg. dose of ethanol. 

Determination of Plasma Ethanol.—Each EDw, 
the TDy, and the 4,500 mg./Kg. dose of ethanol 
was given to groups of four to eight animals; at the 
time of peak drug effect or at the times indicated in 
Fig. 2, the mice were sacrificed and their pooled 
plasma analyzed for ethanol by the residual titra- 
tion method of Levine and Bodansky (16). 


RESULTS 


The data obtained are summarized in Table I from 
which it can be seen that the TDy of ethanol was 
2,952 mg./Kg., and that the drug was effective by all 
anticonvulsant tests employed. Except for the L. f. 
EST test, ethanol was approximately 2.5 times more 
effective against chemically induced seizures than it 
was against a similar type of electrically induced 
seizure. For example, EDgws by the MMS and 
Met. tests were 700 and 1,886 mg./Kg., respectively, 
whereas the EDyws by the MES and a. c. EST tests 
were 1,886 and 4,500 mg./Kg., respectively. Eth- 
anol was approximately 3 times as effective against 
seizures induced by low-frequency stimulation with 
interrupted unidirectional current (1. f. EST test) 
than it was against seizures induced by conventional 
electroshock procedures (a. c. EST test). 

The efficacy of ethanol by the two Metrazol tests 
can also be seen from the protective indexes (PI's) 
listed in Table I. The PI’s by the MMS and Met. 
tests were 4.22 and 1.57, respectively, whereas the 
PI's for the MES and a. c. EST tests were 1.57 and 
0.66, respectively. The effectiveness of ethanol 
against seizures induced by low-frequency electro- 
shock is shown by the fact that the PI by the 1. f. 
EST test is well above unity (2.08), whereas the PI's 
by the a. c. EST and HET tests are well below unity 
(0.66 and 0.63, respectively); this indicates that 
ethanol is effective by these two latter tests only 
in neurotoxic doses. 

As shown in Table I, the concentration of plasma 
ethanol which resulted from the administration of 
the TDy and each ED varied from 27.1 mg./100 
ml. of plasma after a nontoxic dose of 700 mg./Kg. to 
330 mg./100 ml. after a toxic dose of 4,700 mg./Kg. 
The relation between the dose of ethanol and the con- 


centration of plasma ethanol is shown in Fig. 1. 
Statistical analysis of the data indicates that the 
relation between the dose of ethanol and the concen- 
tration of plasma ethanol is linear. 

In order to determine the effect of ethanol on the 
sensitivity of the central nervous system, a dose of 
4,500 mg./Kg. of ethanol was given orally to mice, 
and the low-frequency EST and plasma ethanol 
concentration were determined at various times dur- 
ing the next forty-eight hours. The results ob- 
tained are illustrated in Fig. 2 from which it may be 
seen that maximal anticonvulsant effect occurs thirty 
minutes after ethanol administration, at which time 
the threshold of treated mice is 3.57 times that of 
control animals. The threshold gradually declined, 
and by the 12th hour after ethanol administration it 
was somewhat lower than normal. Since this sug- 
gested that an optimal single dose of ethanol might 
be followed by hyperexcitability, the effect of 1,500, 
3,000, and 6,000 mg./Kg. of ethanol on |. f. EST 
also was studied. Although hyperexcitability again 
was observed to follow the initial depression, it was 
significant only following the larger dose (see open 
circles Fig. 2). Thus, the threshold ratio and 95° 
fiducial limits eight, twelve, and fifteen hours after 
the 6,000 mg./Kg. dose of ethanol were 0.90 (0.79- 
1.04), 0.80(0.73-0.88), and 0.87(0.74-1.03), re- 
spectively. Plasma ethanol reached a peak con- 
centration (323 mg./100 ml. plasma) one hour after 
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DOSE OF ETHANOL (mg./Kg.) 

Fig. 1.—The correlation between the dose of 
ethanol and the concentration of plasma ethanol. 
The dose of ethanol in mg./Kg. is shown on the 
abscissa and the plasma ethanol concentration 
(mg./100 ml.) on the ordinate. The regression line 
was fitted to the plotted points by the method of 
least squares. 


Tasie I.—CorRELATION BETWEEN ANTICONVULSANT ACTIVITY AND CONCENTRATION 
or PLasMA ETHANOL 


— Chemical—— - — 
Toxicity MES a. c. EST HET “1 ff EST MMS 
Dose 50* 2952 1886 4500 4700° 1420 700 1886 
mg./Kg. 2708-3218 1684-2112* 3947-5130* 4234-5217° 1214-1661° 574-854° 1572-22 


Protective index 1.57 0.66 0.63 
(PI) 1.41-1.74° 0.55-0.79 56-0. 70* 1.73-2.50° 3.38-5.28° 1.31—1.88° 


Plasma ethanol 


mg./100 ml. 205 140 284 


2.08 4.22 1.57 


330 66.6 27.1 140 


* Given orally as a 20% (w/v) solution of et 


¢ 95% fiducial limits. 


hanol. 
+ Based on animal weight one and one-half hours after the intraperitoneal administration of the isosmolar glucose. 
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Fig. 2. 


The threshold for low-frequency electroshock seizures and the plasma ethanol concentration at 
various times after the oral administration of 4,500 and 6,000 mg./Kg. of ethanol. 


Time in hours is indi- 


cated on both the upper and lower abscissa. Seizure threshold ratio (threshold of ethanol group/threshold 


of control group) is shown on the upper ordinate (logarithmic scale). 
old ratio at the indicated times after the oral administration of 4,500 mg./Kg. of ethanol; 
cles, the ratio eight, twelve, and fifteen hours after 6,000 mg./Kg. of ethanol. 


dicate 95% fiducial limits. 
is shown on the lower ordinate. 


drug administration and was no longer detectable by 
the chemical procedure employed at twelve hours 
and beyond. 


DISCUSSION 


The results presented indicate ethanol is effective 
by all anticonvulsant tests employed and can modify 
seizure pattern as well as elevate seizure threshold. 
It is 2.7 times more effective against maximal Metra- 
zol seizures than against maximal electroshock 
seizures. Likewise, ethanol is 2.4 times more ef- 
fective in elevating the threshold for Metrazol 
than that for electroshock seizures. The efficacy of 
ethanol against Metrazol seizures, in altering pattern 
and elevating threshold, is of particular interest. 
In previous publications (13, 17), mention has been 
made of the unique ability of trimethadione, as com- 
pared to other antiepileptics, to modify maximal 
chemoshock seizure pattern as compared to maximal 
electroshock seizure pattern. By these two tests 
trimethadione has the lowest ratio (MMS ED 
MES EDyw) of any antiepileptic examined; in con- 
trast, diphenylhydantoin, which effectively modifies 
the pattern of seizures (variously induced ) but which 
is incapable of elevating threshold for Metrazol sei- 
zures, has the highest ratio. Indeed, all clinically 
useful hydantoins have ratios well above unity, 
whereas the other antiepileptics have ratios well be- 
low unity. This separation of antiepileptics into 
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the open cir- 
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The plasma ethanol concentration (mg./100 ml.) after the 4,500 mg./Kg. dose 


two classes probably reflects the fact that hydantoin 
derivatives more effectively prevent seizure spread 
than elevate seizure threshold. The ratio for ethanol 
is well below unity (0.37) and approaches that for 
trimethadione (0.31); ethanol would thus appear to 
act similar to those drugs which both prevent seizure 
spread and elevate threshold. 


The fact that neurotoxic doses of ethanol were re- 
quired to elevate the threshold in mice by con- 
ventional electroshock procedures is in agreement 
with the relatively low margin of safety observed by 
Tainter and co-workers (5) in rabbits and Driver 
(6) in rats. Thus, the PI's by the a. c. EST and 
HET tests are 0.66 and 0.63, respectively. On the 
other hand, the efficacy of ethanol by the MES, 1. f. 
EST, MMS, and Met. tests is shown by PI's of 
1.57, 2.08, 4.22, and 1.57, respectively. These 
favorable indexes reemphasize the fact that current 
methods of laboratory assay as vet have only limited 
value for the prediction of clinical antiepileptic po- 
tency or of drug specificity for particular types of 
seizures. 


There is a direct relation between the log dose of 
ethanol and the plasma concentration of ethanol 
(Fig. 1). Furthermore, ethanol appears to penetrate 
other body fluids rapidly. For example, the plasma 
ethanol concentration in hyponatremic (low-thresh- 
old) animals (HET test) was found to be 330 
mg./100 ml. of plasma, whereas the ethanol concen- 
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tration in the intraperitoneal fluid was 349 mg./100 
ml. of fluid. This somewhat higher concentration 
of ethanol in the peritoneal fluid than in the plasma, 
in all probability, is not statistically significant. 

The data presented in Fig. 2 suggest that the 
central nervous system rapidly accommodates 
(“adapts”), at least to some extent, to its ethanol 
milieu so that the threshold for seizures induced by 
low-frequency electroshock does not exactly parallel 
the plasma ethanol concentration. Thus, peak 
elevation of 1. f. EST occurs thirty minutes after 
drug administration (see upper half of Fig. 2) at 
which time the plasma ethanol concentration has 
yet to reach a peak level (see lower half of Fig. 2). 
On the other hand, peak plasma ethanol concentra- 
tion occurs one hour after drug administration at 
which time |. f. EST already has started to decline. 
Soon after the last of a large dose of ethanol is 
eliminated by the experimental animal, the seizure 
threshold falls below normal. As shown in Fig. 2, 
significant hyperexcitability is present twelve hours 
after a 6,000 mg./ Kg. dose of ethanol. 

According to Lennox (18), susceptible individuals 
do not exhibit convulsions during the period of max- 
imum concentration of plasma ethanol, but during 
the “‘sobering up” process. The results presented 
herein are in agreement with this concept and indi- 
cate a biphasic effect follows the administration of a 
single large dose of ethanol. The initial effect is 
characterized by depression of the central nervous 
system as shown by the marked increase in the thresh- 
old for seizures induced by low-frequency electro- 
shock stimulation; this initial depression is then fol- 
lowed by a short period of excitation as shown by the 
20% decrease in threshold. McQuarrie and Fingl 
(8) have shown that seizure threshold, forty-eight 
hours after fourteen days of chronic ethanol treat- 
ment, is reduced by 50%. More recently, these 
workers (19) have reported a significant decrease in 
Metrazol seizure threshold occurs eight hours after a 
single dose of ethanol. If similar alterations in sei- 
zure threshold occur in man following the ingestion 
of alcohol, one would expect a marked reduction in 
seizure threshold to occur during the “‘sobering up”’ 
period. Hence, susceptible persons would be more 
likely to exhibit convulsions after imbibing alcohol. 
This interpretation provides a valid physiological 
reason for restricting the use of alcoholic beverages 
in epileptic patients. 


SUMMARY 


The anticonvulsant potencies (EDws) of 
ethanol were determined in mice by a battery 
of six assay procedures. The dose which pro- 
duced evidence of minimal neurological deficit 
in 50% of animals (TD ») was determined and 
protective indexes (PI = TDw/EDs) were 
calculated. In addition, the concentrations of 
plasma ethanol obtained after administration of 
the TD, each ED, and a 4,500 mg./Kg. dose 
of ethanol were also measured. The results are 
as follows: 

1. The TD,» of ethanol, determined in mice 
thirty minutes after oral administration, is 2,952 


mg./Kg. 


2. Ethanol is effective by all anticonvulsant 
tests employed and modifies seizure pattern as 
well as elevates threshold. It is most potent 
when tested for ability to modify the pattern for 
maximal seizures induced by intravenous Met- 
razol and by electroshock, and to elevate the 
threshold for seizures induced by subcutaneous 
Metrazol and by low-frequency electrical stim- 
ulation with unidirectional pulses of short 
duration; the PI's derived from data by these 
four tests were 4.22, 1.57, 1.57, and 2.08, re- 
spectively. Ethanol is least potent when tested 
for ability to elevate the threshold for minimal 
seizures induced by conventional electroshock 
in normal or hyponatremic (low-threshold) 
mice; the PI’s derived from values obtained by 
these two tests were 0.66 and 0.63, respectively. 

3. The concentrations of plasma ethanol 
varied from 27.1 to 330 mg./100 ml. of plasma 
and were linearly related to the logarithm of the 
dose. 

4. Evidence was presented which indicates 
the central nervous system tends rapidly to 
accommodate to high plasma concentrations of 
ethanol. 

5. Significant hyperexcitability was observed 
twelve hours after the oral administration of 
6,000 mg./Kg. of ethanol. The possible clinical 
implications of this observation were discussed. 
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The Kinetics of the Base-Catalyzed Degradation 
of Prednisolone* 


By DAVID E. GUTTMAN} and PETER D. MEISTER 


The rate of disappearance of the dihydroxyacetone function of prednisolone was 


studied in homogenous alkaline solution. 


The degradation of prednisolone ex- 


hibited a first-order dependency on the steroid concentration and occurred with the 


concomitant appearance of acidic and neutral steroidal products. 
air from the system was found to decrease the rate of degradation. 


The exclusion of 
This slowing of 


the rate was apparently due to the elimination of an oxygen-dependent reaction 
which normally formed an acidic steroidal product. The results suggested that the 


destruction of 
pseudo first-order reactions. 


rednisolone in aqueous alkali resulted from at least three parallel 
The hydroxide-ion dependencies of the reactions were 


investigated and the hydroxide-ion catalytic constants were estimated. 


T= REACTIVITY of the dihydroxyacetone side 
chain of adrenocorticosteroids has been rather 
well documented. rearrange- 
ments and eliminations have been shown to occur 
under both aerobic and anaerobic conditions. 

In the presence of air, the predominant re- 
action appears to involve an oxidative cleavage 
of the side chain (I) to yield the corresponding 
etianic acid (II). Velluz, ef ai. (1), for example, 
reported that deoxycorticosterone acetate and 
21-acetoxypregn-5-en-38-ol-20-one were con- 
verted by ethanolic potassium hydroxide in the 
presence of air to the corresponding etianic 
acids. Herzig and Ehrenstein (2) showed similar 
results using 68,21-diacetoxypregn-4-ene-3,20- 
dione as the substrate. 


Base-catalyzed 


COOH 


In the absence of air, two reactions predom- 
inate yielding the 17-ketosteroid (III) and the 
hydroxyacid (IV). Transformations of this 
nature were reported by Mason (3), studying the 
degradation of cortisone, and by Wendler and 
Graber (4) utilizing 3a,17a,21-trihydroxypreg- 
nane-11,20-dione. 

Although these investigations show that thera- 
peutically important steroids such as hydro- 


* Received April 9, 1958, from the Product Research and 
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Mich. 

+? Present address: College of Pharmacy, The Ohio State 
University, Columbus 10. 


cortisone and prednisolone are susceptible to 
degradative processes, the kinetics of such re- 
actions have received little apparent attention. 
Chulski and Forist (5) investigating the effect of 
some solid buffering agents on prednisolone in 
aqueous solution demonstrated by a rate study 
that magnesium oxide caused a first-order deg- 
radation of the steroid. A paper chromato- 
graphic examination of their reaction mixture 
suggested that prednisolone was converted pre- 
dominantly to 118,17a-dihydroxy-3-ketoandro 
sta-1,4-diene-178-carboxylic acid and to a lesser 
degree to 118-hydroxyandrosta-1,4-diene-3,17- 
dione. 

In the present investigation, the base-catalyzed 
degradation of prednisolone in aqueous solution 
was studied in some detail. As would be ex- 
pected, the kinetics of the degradation was found 
to be relatively complex. No attempt was made 
to specifically separate the components of a re- 
action mixture. However, a broad separation 
of the neutral steroidal components from those 
exhibiting acidic characteristics was achieved by 
extracting the alkaline reaction mixture with 
chloroform. With this method of separation, 
and by utilizing ultraviolet spectroscopy and the 
triphenyltetrazolium chloride assay, it was pos- 
sible to follow the rate of disappearance of the 
dihydroxyacetone function of prednisolone and 
the rate of appearance of nonreducing neutral 
and acidic steroidal products. Rate studies were 
conducted at a number of different hydroxide- 
ion concentrations, both in the presence and ab- 
sence of air, and indicated that at least three 
parallel first-order reactions were involved in the 
degradation of prednisolone. 


EXPERIMENTAL 


The experimental method consisted essentially of : 
1 allowing an alkaline solution of prednisolone to 
degrade at constant temperature and withdrawing 
aliquots at time intervals, 2 extracting the aliquot 
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with chloroform, 3 determining the concentration 
of undegraded prednisolone by a tetrazolium assay 
on the chloroform extract, and 4 determining the 
amount of acid product formed by a spectrophoto- 
metric assay of the extracted aqueous phase 


Preparation of the Reaction Mixture.—Initially 
it was attempted to introduce prednisolone as a 
solid to the reaction medium. This proved unsatis- 
factory due to the slow rate of solution of this 
steroid. The use of a solution of the steroid in di- 
methylacetamide (DMA) overcame this difficulty 
and was subsequently used in all experiments 
Usually 50 mg. of prednisolone in 1 ml. of DMA was 
added to a flask containing 200 ml. of NaOH solu- 
tion. Prior to the addition of the steroid, the reac- 
tion medium was allowed to attain the temperature 
at which the study was made. The flask was agi- 
tated vigorously until a homogeneous solution re- 
sulted and was then placed in a constant-tempera- 
ture bath. The experiments reported herein were 
conducted at 35°. In the case of the anaerobic 
studies, relatively air-free conditions were attained 
by using freshly boiled, deionized water which was 
thoroughly flushed with nitrogen immediately be- 
fore use. An atmosphere of nitrogen was main- 
tained over the reaction mixture at all times. 


Extraction Procedure.—-An aliquot of the reaction 
mixture, usually 10 ml, was withdrawn and im- 
mediately placed in a 125-ml. separatory funnel. 
Twenty ml. of cold (4°) chloroform was added and 
the funnel was shaken. After separation of the 
phases, the chloroform layer was allowed to drain 
through a pledget of glass wool into a 100-ml. volu- 
metric flask. The aqueous phase was extracted 
with three additional 20-ml. portions of chloroform 
which were also collected in the volumetric flask. 
The solution was made to volume with chloroform. 
The aqueous solution remaining in the funnel was 
drained into a 100-ml. volumetric flask. The 
funnel was rinsed at least three times with deionized 
water and the rinsings collected in the volumetric 
flask. Deionized water was added to the fiducial 
mark of the flask. The extraction procedure pro- 
vided a method of separating the components of the 
reaction medium into two classes; acidic material 
which was not extracted from the aqueous environ- 
ment, and neutral material which was chloroform 
extractable 


Measurements.—The absorbances of the chloro- 
formic and aqueous solutions were determined at a 
wavelength of 248 my. Light absorption at this 
wavelength is specific for the conjugated A-ring 
ketone group of delta steroids. The absorbance 
measurements thus served as a check on the sta- 
bility of this chromophore. The concentration of 
acidic material, formed in the course of the degrada- 
tion was determined from the absorbance of the 
diluted aqueous residue remaining after the chloro- 
form extraction. In caleuiating the concentration 
of acidic material, an absorptivity of 42 was as- 
sumed. This was considered to be a legitimate 
assumption since it was determined that both 
prednisolone and the corresponding etianic acid, for 
example, had absorptivities of approximately 42 at 
this wavelength in aqueous solution 

The concentration of undegraded prednisolone 
was determined by evaporating an appropriate 
aliquot of the diluted chloroform extract to dryness 
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and performing a tetrazolium assay on the residue. 
This assay is specific for the dihydroxyacetone side 
chain of the steroid. Here the residue was dissolved 
in 20 ml. of absolute alcohol. One milliliter of tri- 
phenyltetrazolium chloride reagent (1% triphenyl- 
tetrazolium chloride in absolute aleohol) was added 
followed by the addition of 1 ml. of tetramethyl- 
ammonium hydroxide solution (1 ml. of a 10% 
aqueous solution diluted to 10 ml. with absolute 
alcohol). The color was allowed to develop in the 
dark for exactly thirty minutes. The development 
was then quenched by the addition of 1 ml. of glacial 
acetic acid and the absorbance of the resulting solu- 
tion was determined at 485 my on a Beckman Model 
DU spectrophotometer. A standard solution of 
prednisolone in absolute alcohol was carried through 
the identical procedure and was used as a color 
reference in calculating the concentration of steroid 
in the unknown sample 


RESULTS AND DISCUSSION 


Aerobic Studies._Data typifying the results ob- 
tained in these studies are tabulated in Table I. 
These results were obtained when prednisolone was 
degraded in the presence of air at 35° in 0.01N 
NaOH. The stability of the A-ring chromophore 
was indicated by the sum of the absorbances of 
aqueous and chloroformic solutions remaining essen- 
tially constant over a relatively long period of time. 
Significant side-chain degradation did occur as 
evidenced from the results of the tetrazolium assays. 
It will be shown that this degradation was first- 
order with respect to the prednisolone concentra- 
tion. This table also shows that concomitant with 
the disappearance of prednisolone was the formation 
of acidic material. The rate of formation of acid 
product was however less than the rate of disappear- 
ance of prednisolone. For example, the disappear- 
ance of 0.193 mg. of prednisolone from 1 ml. of solu- 
tion which occurred in seventy-two hours was 
accompanied by the formation of approximately 
0.160 mg. of acidic material. The formation of 
neutral material must account for the remainder. 
Results of this nature were obtained at the five dif- 
ferent degrees of alkalinity studied 

The formation of two different classes of reaction 
products emphasized that the degradation of pred- 
nisolone was considerably more complex than a 
single step, pseudo first-order reaction. The degra- 
dation could conceivably involve a series of consecu- 
tive first-order reactions, or a number of parallel 


Tasie I.-Tue DEGRADATION OF 
PREDNISOLONE AT 35° in 0.01 N NaOH 


Prednisolone 
Concn., Concn., 
mg./mil. mg./ml 
0.193 0.00 
0.173 016 
0.154 031 
0.140 046 
0.111 .069 
0.101 O79 
0.091 O87 
0.000 0.160 


Acid 


* Absorbance of chloroform solution at 248 mag 
6 Absorbance of aqueous solution at 248 ma. 


vor 

3 

| 
Time, 

Hr Acuci;* Anzo? 

0 0.980 0.000 

* 1 0.900 0.070 
— aS 2 0.820 0.134 
3 0.779 0.196 
5 0.682 0.296 
6 0.580 0.337 
7 0.540 0.370 
in 72 0.270 0.671 
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first-order reactions, or a combination of consecutive 
and parallel reactions occurring to form more than 
one reaction product. 

If the actual mechanism involved parallel first- 
order reactions such as, 


where P, A, and N represent prednisolone, an acid 
product, and a neutral product, respectively, and 
k, and ky represent the corresponding rate constants 
then, 

dP 


> > 
di kaP + kal 


(Eq. 1) 

kP (Eq. 2) 
where k=k, +k. 
and In (P./P) = ki 


or P = P.e* 


(Eq. 3) 
(Eq. 4) 
(Eq. 5) 


where Po is the initial concentration of prednisolone 
and P is the concentration at any time? The over- 
all reaction is thus simple first order with respect to 
prednisolone. Also, 


dA 


(Eq. 6) 


= keP.e* (Eq. 7) 


and by integration, 


--* — + constant 


k (Eq. 8) 


A,+ ke P,(1 — e*4 


(Eq. 9) 
kb q 
where Ao is the initial concentration of the acid 
product and A is the concentration at any time 


If 


A, =0 (Eq. 10) 


A= te P,(1 e*) 


(Eq. 11) 
A similar expression can be derived for the neutral 
product 

Equation 11 expresses a linear relationship be- 
tween the concentration of the acid reaction product 
and the function (1 — e~**). It will be recognized 
that when ¢ is zero, the function has a value of zero 
At infinite time the function has a value of one 
To check the fit of the experimental data to this 
relationship it was first necessary to determine the 
value of &, the rate constant describing the overall 
degradation. Figure 1 illustrates the classical 
method of determining a first-order reaction. Here 
logio(prednisolone concentration) was plotted 
versus time. The curves obtained at five different 
concentrations of hydroxide ion exhibited the 
linearity characteristic of first-order reaction 
kinetics. The values of the slopes were calculated 
by the method of least squares, and from the slope 
values the rate constants were calculated. The 
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Fig. 1.—-The disappearance of prednisolone from 
aqueous solution under aerobic conditions at various 
normalities of NaOH at 35°. 


values of (1 — e**) could then be calculated, the 
values of k and ¢ now being known, and the relation- 
ship expressed in Eq. 11 could be checked. Figure 2 
illustrates this plot. Here the concentration of 
acidic material formed when prednisolone was de- 
graded at 35°, in 0.01 N NaOH in the presence of air 
was plotted versus (1 — e~**). A linear plot was 
obtained. The value of kg, the rate constant de- 
scribing the formation of acidic material, was cal- 
culated from the slope since by Eq. 11, 


ke P, 


k 


slope = (Eq. 12) 
The value of &,, the rate constant characterizing the 
formation of neutral material, was obtained by sub- 
tracting kg from k, according to Eq. 3. This treat- 
ment was applied to the results obtained at the four 
other hydroxide-ion concentrations studied and the 
results are summarized in Table II where the appro- 
priate rate constants are tabulated as a function of 
the hydroxide-ion concentration 

It should be emphasized that although the data 
fits the postulated expressions quite well, this does 
not necessarily imply that only two reactions are 
involved in the degradation. The mathematical 


II.—RatTe CONSTANTS FOR THE BASE- 
CATALYZED DEGRADATION OF PREDNISOLONE AT 
35° IN THE PRESENCE OF AIR 


Normality 
of NaOH 
0.01 
0.02 
0.08 
0.04 
0.05 


0.052 
0.058 


~ | , 
775 
-07 
-08 
ke -0.9 \ 
ke 
\ 
© 
“1 1 
0.02N 
> 
\ Q03N 
“43 
O4N 
“4 
16 
then 
x, ka, Hr. ka, Hr. 
0.108 0.090 0.018 
0.171 0.137 0.084 
0.233 0.181 | 
0.258 0.200 
0.293 0.230 0.063 
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CONCENTRATION OF ACID IN MG/ML 


i 


os 10 


i 
04 06 
Fig. 2.—The appearance of acidic product during 


the aerobic degradation of prednisolone in 0.01 N 
NaOH at 35°. 


treatment of the data will not differentiate between 
reactions which yield acidic products or between 
those reactions which form neutral products. The 
results do show, however, the formation of two 
classes of reaction products 

Anaerobic Studies.—Data typifying the base- 
catalyzed degradative behavior of prednisolone in the 
absence of air are tabulated in Table III 

Here it is seen that the anaerobic degradation of 
prednisolone is qualitatively similar to that ob- 
served in the presence of air, vis., concomitant ap- 
pearance of acidic and neutral products with the dis- 
appearance of prednisolone, as well as no detectable 
A-ring degradation. The rates of degradation under 
anaerobic conditions were studied at five concentra- 
tions of hydroxide ion and the results are summarized 
in Fig. 3. This plot shows that under anaerobic 


Tasie DeGRADATION OF PREDNISOLONE 
at 35° 1x 0.01 N NaOH In THE ABSENCE OF AIR 
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conditions the degradation was first-order with re- 
spect to prednisolone. Figure 4 demonstrates the 
fit of the data to the relationship expressed by Eq. 
11. The rate constants were calculated in the 
manner described previously and are tabulated in 
Table IV. 

A comparison of Tables II and IV reveals that 
when the reaction mixture was exposed to air, the 
disappearance of prednisolone occurred much more 


MG/ML. 
- 6 


LOG PREDNISOLONE CONCN. IN 


iL 
3 4 
TIME IN HOURS 


Fig 3.—The disappearance of prednisolone from 
aqueous solution in the absence of air at various 
normalities of NaOH at 35°. 


CONCENTRATION OF ACID IN MG/ML 


L 


02 06 08 
I-e—kt 


Fig. 4.—The appearance of acidic product during 
the anaerobic degradation of prednisolone in 0.01 N 
NaOH at 35°. 
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Time, Conen., Conen., 
Hr. Acucy Anyo mg_/ml mg./ml. 002 e 
0 0.930 0.00 0.206 0.00 
1 0.878 0.046 0.187 0.011 
2 0.858 0.069 0.178 0.016 000% 
a 3 0.840 0.088 0.168 0.021 0 10 
5 0.820 0.123 0.153 0.029 
6 0.795 0.142 0.146 0.034 
+ a 7 0.772 0.160 0.138 0.038 
— 24 0.610 0.323 0.070 0.077 
48 0.523 0.424 0.101 
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Rate CONSTANTS FOR THE BASE- 
DEGRADATION OF PREDNISOLONE AT 
35° in THE ABSENCE OF AIR 


TasLe IV. 
CATALYZED 


Normality 


ke (Anaerobic), 
of NaOH Hr.~! 


k, 
0.01 0.0541 
0.02 0.0924 0.0531 
0.03 0.129 0.071 
0.04 0.178 0.103 
0.05 0.196 0.120 


kn, Hr. 
0.0230 
0.0393 
0.058 
0.075 
0.076 


0.0311 


rapidly. For example, at a hydroxide-ion concen- 
tration of 0.01 N, the rate constant for the overall 
degradation obtained under anaerobic conditions 
was approximately one-half the value of that ob- 
tained when no precautions were taken to exclude 
air fromthe system. Furthermore, the rate constant 
characterizing the formation of acidic material was 
markedly decreased by the exclusion of air while the 
rate constant representing the formation of neutral 
product appeared to be unaffected, considering the 
experimental error, by the presence or absence of 
air. A conclusion can thus be drawn that at least 
two reactions were involved in forming steroidal acid 
material from prednisolone under aerobic conditions. 
One reaction was dependent on the presence of 
oxygen, while the other occurred both in the pres- 
ence and absence of air. Since kg incorporates 
essentially two rate constants, the value of the con- 
stant representing the aerobic acid-forming reaction, 
k, (aerobic), can be approximated by subtracting 
the value of &, (anaerobic) from kg. The values of 
k, (aerobic) obtained at the various normalities of 
NaOH are tabulated in Table V. 

In summary, the evidence obtained thus far sug- 
gests that the base-catalyzed degradation of pred- 
nisolone resulted from at least three parallel pseudo 
first-order reactions. Two or more oxygen-inde- 
pendent reactions formed neutral and acidic prod- 
ucts while at least one oxygen-dependent reaction 
formed an additional acidic product 

The Hydroxide-Ion Dependencies of the Reac- 
tions.-The relationship between the observed rate 
constant and the hydroxide-ion concentration in a 
base-catalyzed reaction can usually be expressed by 


Robs = kon (OH (Eq. 13) 


where &,»,. is the observed rate constant, kog™ is 
the hydroxide-ion catalytic constant, (OH~) is the 
hydroxide-ion concentration, and m is an integer 
representing the order of the reaction with respect 
to hydroxide ion. The value of # can be deter- 
mined graphically by a plot of log &,»5. versus log 
(OH ~) since, 


log = log kRon~ + log (OH~) (Eq 14) 


Knowing m, the value of koq- can also be deter- 
mined graphically by plotting k,».. versus (OH~)" 
according to Eq. 13. 

In Fig. 5, the log of the observed rate constants k, 
(aerobic), &, (anaerobic), and &, are plotted versus 
the log of the hydroxide-ion concentration. The 
values of &, obtained under anaerobic conditions 
were used in this plot since they were thought to be 
more accurate than those obtained in the aerobic 
studies. The curves obtained for k, (anaerobic) 
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Taps_e V.—-Tue Rate CONSTANTS FOR THE AEROBIC 
Actp-FoRMING REACTION INVOLVED IN THE DEG- 
RADATION OF PREDNISOLONE AT 35° 


ka (Aerobic), Hr.~ 
0.0589 
0.0839 
0.110 
0.097 
0.110 


Normality of NaOH 
0.01 
0.02 
0.08 
0.04 
0.05 


a (anaerobic 


Fig. 5.—A plot showing the hydroxide-ion de- 
pendency of the reactions involved in the base cat- 
alyzed degradation of prednisolone. 


and k, appear to be linear. The slopes were deter- 
mined graphically to be 0.93 and 0.94, respectively, 
indicating that these reactions in all probability 
were first-order with respect to hydroxide ion. In 
the case of k, (aerobic), the plot is not linear indicat- 
ing the possibility of a changing order with respect 
to hydroxide ion. Here the slope appears to de- 
crease from approximately 0.5 to 0.0 as the hy- 
droxide-ion concentration increases over the range 
studied. A rate constant expression for this oxygen- 
dependent reaction which might account for such 
behavior is: 
b(OH~) 


15 
a + cdOH-) (Eq. 15) 


ke aerobic) 


where a, 6, and ¢ are arbitrary constants 
(OH ~) is small then, a > c(OH~) and 


b(OH~) 
a 


When 


Ra(acrobic) approaches (Eq. 16) 


and the hydroxide-ion order is one. When (OH~) 


is large then, c(OH~) > a, and 


(Eq. 17) 


b 
Ra(acrobic) approaches 


and here the reaction would be zero-order with respect 
to hydroxide-ion. At intermediate concentrations 
the order would be between one and zero. While 
the present limited data indicate this behavior, 
additional data are required to substantiate this 
hypothesis. 
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Fig. 6—A plot showing the hydroxide-ion de- 
pendencies of the reactions involved in the anaerobic 
base-catalyzed degradation of prednisoione. 
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Figure 6 illustrates the linear dependencies of 
Ratanserobicy and &, on the hydroxide-ion concentra- 
tion. The specific hydroxide-ion catalytic constants 
for the reactions described by and kp 
were approximated from this plot to be 2.5 liter 
sec.~' and 1.9 liter mole~' sec.~!, respec- 
tively. 

The complex nature of steroid degradation sug- 
gested by other workers using classical methods of 
separation and identification is essentially con- 
firmed by the results of this kinetic study. At least 
three hydroxide-ion catalyzed competitive reactions, 
occurring at measurable rates, are responsible for 
the loss of the dihydroxyacetone function of pred- 
nisolone. Two or more oxygen-independent reac- 
tions form neutral and acidic steroidal products 
while at least one oxygen-dependent reaction yields 
an acidic product. 
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of Two Structurally Isomeric 


Mono-Phenyl! Substituted 1,2,4-Triazoles* 


By W. R. GIBSON, E. E. SWANSON, and D. B. MEYERS 


Pharmacological comparison of 1-phenyl-1,2,4-triazole (1-P) and 4-phenyl-1,2,4- 
triazole (4—P) revealed that these two-position isomers produce qualitatively op- 


posite effects. 


In studies performed on intact unanesthetized mice and rats, 1-P 


caused depression and impairment of motor function, whereas 4—P caused excita- 


tion and clonic convulsions. 


Further experiments on anesthetized and spinal cats 


and on isolated tissue preparations suggested that both agents act at brain-stem 

level, and that neither triazole produces any direct peripheral autonomic effect. 

Investigation of interaction between isomers indicated that either compound was 
capable of antagonizing the action of the other. 


observed in pharmocological ac- 
tions of chemicals of similar structure are 
usually quantitative rather then qualitative. In- 
frequently, however, it is possible to demonstrate 
that a member of a homologous series of chemicals 
exerts an action that is qualitatively opposed to 
the actions of other members. Such aberrancy 
was observed by Swanson and Chen (1) in the ac- 
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tion of 1,3-dimethylbutyl-ethyl-barbituric acid, 
and by Slater, et al. (2), who described the con- 
vulsant action of 2,2-diethyl-1,3-butanediol, a 
homolog of the depressant 2,2-diethyl-1,3-pro- 
panediol. 

Qualitatively opposed action of position isomers 
was described by Gross and Featherstone (3), who 
found that the mildly stimulant effect of 1-phenyl- 
5-methyl tetrazole was changed to a weak de- 
pressant action when the position of the phenyl 
and methyl groups was reversed. McNamara 
and Krop (4) have reported that among the stereo- 
isomeric hexachlorocyclohexanes, the gamma 
configuration is stimulant, whereas the beta and 
delta isomers are depressant. 


In 1901, Pellizzari, e¢ al. (5), reported that 
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4-phenyl-1,2,4-triazole (4-P) produced  con- 
vulsions in frogs and dogs. Our own observation 
that the position isomer of this compound, 


1-phenyl-1,2,4-triazole (1-P) possessed depressant 
properties served as a stimulus for a more exten- 
sive investigation of the two isomers. 


EXPERIMENTAL AND RESULTS 


preliminary evidence that the triazoles 
exerted predominantly central nervous system 
(CNS) effects, emphasis was placed upon the 
evaluation of this activity; however, the possibility 
that they might exert autonomic or myoneural 
activity was explored. Several species of 
animals were used in this study, including Standard- 
strain albino mice, Wistar-strain albino rats, rab- 
bits, guinea pigs, and cats. The triazole solutions 
administered were prepared by dissolving the hydro- 
chloride salt in water and neutralizing with sodium 
bicarbonate to a pH of 5.5. Concentrations varied 
from 0.1 to 10.0% so that the volume of solution 
administered was appropriate for the test. 

Median Anesthetic, Convulsive, and Lethal 
Doses.—1—P was administered i. v. as a 2.0% solu- 
tion to rats weighing 110 to 140 Gm., and as a 1.0% 
solution to mice weighing 18 to 22 Gm. to determine 
the median anesthetic (AD), and median lethal 
doses (LDg) and their standard errors (S. E.) 
Dose response curves were obtained from which the 
medians were computed by the method of Bliss (6). 
It should be noted that the term “anesthetic’’ is 
not intended to imply that 1—P produces a useful 
anesthesia, but rather that it is used to denote a 
specific level of depression. The criterion for attain- 
ment of this level was absence of animal response to 
painful stimulation. 1-—P abolished this response for 
only very brief intervals of one to five minutes, after 
which the animal rapidly recovered from the maxi- 
mal depression to a quiescent, semicomatose state 
that persisted for four to six hours. It was found 
that the AD» + S. E. of 1—P in mice was 157.9 + 
26.84 mg./Kg., and in rats was 134.0 + 6.03 mg./Kg. 

Animals used in LDy studies were observed for 
twenty-four hours, and it was found that all animals 
for which 1—P was lethal died within the first three 
hours, apparently ftom respiratory failure. The 
LD» + S. E. of 1-P in mice was 261.0 + 15.7 
mg./Kg. and in rats was 155.0 + 6.2 mg./Kg 

The intravenous median convulsive dose (CDs) 
and LD of 4-P were similarly obtained in rats and 
mice. The triazole was administered as a 0.5% 
solution to mice and as a 1.0% solution to rats. A 
convulsion was considered an episode of at least five 
seconds of facial clonus accompanied by myoclonic 
jerks. Tremulousness and excitation were not 
considered convulsive phenomena. Doses slightly 
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in excess of the computed CDy occasionally caused 
tonic-extensor convulsions after initial clonic con- 
vulsions. In the lethal range of doses, tonic-exten- 
sion usually occurred and mice often died during this 
crisis. Most animals, however, died in post-ictal 
depression. 

The CDy + S. E. of 4-P in mice was found to be 
27.24 + 1.36 mg./Kg. and in rats, 17.42 + 0.61 
mg./Kg., and the LDs + S. E. in the same species 
was 41.19 + 1.44 mg./Kg. and 37.96 + 2.35 mg./Kg. 
respectively. 

Oral Activity.—Both triazoles were administered 
orally to rats weighing 100 to 130 Gm. The con- 
centrations of the solutions were adjusted so that 
no animal received a volume in excess of 1.5 ml 
Using the criteria described for anesthesia and con- 
vulsions in the preceding paragraph, it was found 
that 1-P did not produce anesthesia except at lethal 
doses. The oral LDw + S. E. of this compound 
was 673.6 + 43.8 mg./Kg. 

On the other hand, 4—P produced convulsions in 
rats at sublethal doses, and it was found that the 
oral CDy + S. E. of this chemical was 99.3 + 4.6 
mg./Kg. The oral LD» + S. E. in the same species 
was 133.7 + 9.1 mg./Kg. 

Effect upon Barbiturate Sleeping Time.—Pro- 
longation of hexobarbital sleeping time is a useful 
method for detection of subtle depression that is 
often.inadequate to produce detectable objective 
symptoms. Since 1—P displayed depressant proper- 
ties, an experiment was designed to show the ef- 
fects of the triazoles when they were administered 
either before or after the barbiturate. Fifty mice 
weighing 18 to 22 Gm. were used, and these were 
divided into five groups of ten animals each. The 
first group received 75 mg./Kg. of 1—P subcutane- 
ously as a 0.75% solution, and by the same route, 
group two received 15 mg./Kg. of 4—P as a 0.15% 
solution. Thirty minutes later all five groups were 
injected intraperitoneally with 100 mg./Kg. of 1.0% 
hexobarbital. Five minutes after hexobarbital 
administration, groups four and five were injected 
intraperitoneally with 75 mg./Kg. of 1—-P and 15 mg./ 
Kg. of 4—P respectively. Group three was main- 
tained as a control group. 

Following this treatment, all animals exhibited a 
loss of righting reflex and were placed on their backs. 
The sleeping time of each animal was then measured 
as the time that elapsed between injection of bar- 
biturate and return of righting reflex. Each sleep- 
ing time was converted to its logarithm, and the geo- 
metric mean sleeping time and its standard error 
were calculated for each group. These data, which 
show the prolonging action of 1—P and the antagonis- 
tic effect of 4—P, are shown in Table I. 

Effect upon Electrical Convulsion Threshold.- 
The method employed in this study was a modifica- 
tion of a method reported by Bogue and Carrington 


TABLE I.—TR1aAzo_e Errect UPON DURATION OF HEXOBARBITAL SLEEP 


Dose, mg./ Kg. 
75.0 
15.0 
Control (Hexobarbital only) 
75.0 


75 


15.0 


Geo. Mean Sleeping 
Time + S. E. in Min. 


217.42 13 
9 


Per Cent of Control 
732.7 + 107. 
73.02 16 

100.0 
463.4 + 101. 
14.7 


Drug Route 5S. E. 
1-P S. c. 52 
+P 
29.72 3.9 
1-P I. p. 137.5 + 24.1 
+P I. p. 16.8+ 3.8 
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(7). The apparatus required was an electrical 
stimulator described by Woodbury and Davenport 
(8) and modified by the introduction of a switch 
that permitted continuous application of electrical 
stimulus. Through such a modification, it was pos- 
sible to determine the threshold of tonic-extensor 
convulsions in terms of the number of ma.-seconds 
required to elicit such convulsions. 

Rats weighing 90 to 120 Gm. were chosen for test 
animals. The convulsive threshold was established 
for each animal by measuring the time required to 
elicit tonic-extension when the animal was shocked 
with 7.5 ma. of current by means of ear-clip elec- 
trodes. Total time multiplied by current intensity 
was convulsion threshold in ma.-seconds, and no 
animal was used in this study whose threshold was 
below 18.75 or above 37.5 ma.-seconds. Sixty 
animals were selected twenty-four hours before the 
test, and thresholds determined on the first trial 
were considered to be normal thresholds. 

The sixty rats were divided into six groups of ten 
animals each. Groups one and four received 25 
mg./Kg. of 1-P i. v. as a 0.5% solution. Groups 
two and five received 10 mg./Kg. of 4—P i. v. asa 
0.2% solution. Groups three and six were main- 
tained as untreated controls. The convulsion thresh- 
olds of the animals in groups one, two, and three were 
determined at five, ninety, and three hundred min- 
utes after drug administration, and of groups four, 
five, and six at thirty and one hundred eighty min- 
utes. By such a method it was possible to show the 
effect of the triazoles upon convulsion threshold for a 
period of five hours . 

Variances in threshold were common, even among 
untreated animals; however, individual variance 
was minimized when the average of each grou; was 
computed. This was accomplished by determining 
the arithmetic mean threshold of each group at the 
different times studied, and as seen in Fig. 1, the 
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Fig. 1.—Electrical convulsion thresholds of rats 
represented as percent increase or decrease of normal 


threshold. Groups 1 and 4 (—— —- —— -—) 
received 25 mg./Kg. of 1-Pi.v. Groups 2 and 5 
(— ) received 10 mg./Kg. of 4-P iv. Groups 
3 and 6 ( -) are untreated controls. 
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means are indicative of a trend of activity of the two 
compounds. 

Figure 1 shows that 1-P was quite effective in 
raising convulsion threshold; whereas 4—P increased 
animal susceptibility to convulsions. The latter 
effect was less dramatic than the former. Repeated 
stimulation of the animals within a relatively short 
time resulted in increased threshold, even in the con- 
trol group. 

Blood Pressure, Nictitating Membrane, and 
Ipsilateral Flexor Reflex Studies in Cats.-These 
studies were made to investigate systemic actions 
that were not apparent in intact, unanesthetized 
animals employed in the above experiments. Cats 
were first etherized, necessary body areas shaved, 
and polyethylene tubing inserted into the saphenous 
vein. Through this tubing all intravenous injections 
were made. The first injection was 50 mg./Kg. of 
chloralose in a polyethylene glycol vehicle, after 
which ether inhalation anesthesia was stopped. 

The trachea was cannulated, and both common 
carotid arteries and the right cervical sympathetic 
chain were isolated. The right posterior tibial nerve, 
and the tendinous insertion of the right anterior tib- 
ialis muscle were exposed and dissected free of sur- 
rounding tissue. The muscular branch of the right 
sciatic and the right femoral nerves were isolated 
and severed. The right femur was exposed midway 
between its articulations and a clamp affixed to the 
exposed bone surface which immobilized the right 
leg. Blood pressure was recorded from the left fem- 
oral artery in the usual manner. 

Right nictitating membrane response was re- 
corded by a lever attached to the membrane by a 
thread. Contraction of the nictitating membrane 
resulted when stimulation of 10 volts of 0.2 milli- 
second duration at 10 stimuli per second was de- 
livered to the right cervical sympathetic chain by 
means of shielded electrodes. Right anterior tibialis 
muscle response was recorded by a spring-loaded 
lever which was attached to the tendon of the muscle 
by a thread. Muscle contraction was caused by 
stimulation of the right posterior tibial nerve to 
which were attached shielded electrodes. These 
were activated by delivery of 10 volts of 0.2 milli- 
second duration at 6 stimuli per minute. 

Typical responses were routinely produced in these 
animals by epinephrine, methacholine, and hista- 
mine. These were administered before and after 
triazole administration to determine possible triazole 
influence upon their effects. Representative trac- 
ings from such studies are shown in Figs. 2 and 3. 

It was found that neither 20 mg./Kg. of 1-P nor 
5 mg./Kg. of 4—P altered carotid sinus reflex, con- 
traction of nictitating membrane, or histamine and 
methacholine responses. The dose of 4—P adminis- 
tered had practically no effect upon blood pressure, 
but the dose of 1—P caused a near vascular collapse. 
There was a suggestion that both triazoles influenced 
epinephrine response, the 4—P accentuated, and the 
1-P depressed. 

The flexor reflex was the response most affected 
by triazole administration. 1-P abolished spon- 
taneous contractions, and reduced amplitude of mus- 
cle contraction to nerve stimulation. These effects 
suggested a depression of some component in the re- 
flex pathway. 4-P however, caused the opposite 
effect, and administration of this triazole elicited im- 
mediate, spasmodic contractions of the muscle sug- 
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Fig. 2.—-Male cat, 2.7 Kg., chloralose anesthesia. 
Top line is the response of the anterior tibialis muscle 
to reflex stimulation. The second line is the nictitat- 
ing membrane response, and the third line is blood 
pressure. The bottom line is time in minutes. CO 
(carotid occlusion); NM (stimulation of the nictitat- 
ing membrane); FI! Ref (reflex stimulation of the 
anterior tibialis muscle); E (epinephrine, 0.005 
mg./Kg.); H (histamine, 0.005 mg./Kg.); M 
(methacholine, 0.001 mg./Kg.); and 1—-P (1-phenyl- 
1,2,4-triazole). 
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Fig. 3.—-Female cat, 2.5 Kg., chloralose anesthesia. 
Top line is the contractions of the anterior tibialis 
muscle. Second line is response of nictitating mem- 
brane, and third line is blood pressure. The bottom 
line is time in minutes. CO (carotid occlusion) ; 
NM (stimulation of nictitating membrane); F! 
Ref (reflex stimulation of anterior tibialis muscle) ; 
E (epinephrine, 0.005 mg./Kg.); H (histamine, 
0.005 mg./Kg.); M (methacholine, 0.001 mg./Kg.) ; 
4—P (4-phenyl-1,2,4-triazole). 


gestive of myoclonic convulsions. The flexor reflex 
was later shown to be hyperactive. These observa- 
tions indicated increased irritability within the neu- 
ral pathway. 

Triazole Action in Spinal Cats.—Cats with high 
cervical spinal cord transection were used in an 
attempt to learn if the effects observed in the 
anesthetized animal were of cord origin, or if they 
resulted from effects upon higher centers. Animal 
preparation was identical to that of the anesthetized 
cats, with the exception of cord transection at the 
second cervical vertebra, and subsequent need of 
artificial respiration maintained with a Starling 
pump. Primary interest in this preparation was the 
effect of the triazoles on the flexor reflex. Epineph- 
rine responses were not altered as much in spinal 
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cats as they were in cats with intact cerebro-spinal 
axis. Other responses were essentially the same. 
The dose of 4—P was the same as previously adminis- 
tered but the dose of 1—-P was reduced to 15 mg./Kg. 
to avoid the precarious fall in blood pressure. 

Pertinent observations that resulted from these 
experiments were failure of either triazole to in- 
fluence flexor reflex, which indicated absence of di- 
rect cord effect. Representative tracings are those 
shown in Figs. 4 and 5 

Isolated Tissue Studies..-These experiments 
were performed on guinea-pig and rabbit intestinal 
strips and on rat uterus. The tissues were bathed 
in a 100-cc. chamber of aerated Locke-Ringer’s solu- 
tion which was maintained at 37°. The guinea-pig 
intestinal strips were treated with histamine and 
methacholine, and the rabbit intestinal strips with 


ou 


# FLREF 


FLERE OM 


Fig. 4.—Female cat, 3.2 Kg., C-2 spinal cord tran- 
section. Top line is the contractions of the anterior 
tibialis muscle. Second line is nictitating mem- 
brane, and third line is blood pressure. Bottom line 
is time in minutes. NM (stimulation of nictitating 
membrane); Fl Ref (reflex stimulation of the 
anterior tibialis muscle); E (epinephrine, 0.005 mg. / 
Kg.); H (histamine, 0.005 mg./Kg.); M (metha- 
choline, 0.001 mg./Kg.); 1-P (1-phenyl-1,2,4- 
triazole). 
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Fig. 5—Female cat, 2.8 Kg., C-2 spinal cord 
transection. Top line is contractions of the an- 
terior tibialis muscle. Second line is the nictitating 
membrane response, and the third line is blood 
pressure. Bottom line is time in minutes. CO 
(carotid occlusion); NM (nictitating membrane 
stimulation); Fl Ref (reflex stimulation of the 
anterior tibialis muscle); E (epinephrine, 0.005 
mg./Kg.); H (histamine, 0.005 mg./Kg.); M 
(methacholine, 0.001 mg./Kg.); 4-P 4 (4-phenyl- 
1,2,4-triazole). 
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epinephrine and posterior pituitary extract. Ten 
mg. of 4—-P was without effect on any tissue or drug 
response. Ten mg. of 1-P failed to alter histamine, 
methacholine, or epinephrine responses, but it did 
partially antagonize the musculotropic stimulant 
effect of 0.01 mg. of posterior pituitary extract. It 
abolished spontaneous, rhythmic contractions of rat 
uterus. Lower doses of this triazole were less active, 
and 5.0-mg. doses were virtually without effect. It 
seems unlikely that these studies indicated either 
peripheral autonomic effect or musculotropic action, 
for the concentration of 1—P required to elicit re- 
laxation was greater than could be expected to exist 
at these tissues im situ, even if selective distribution 
were postulated. 

Triazole Interaction._—Available experimental evi- 
dence suggested that the triazoles had similar sites 
of action, with opposite effects upon these sites. It 
was thought that the action of one might be antag- 
onized by the other, and an experiment was de- 
signed to learn whether the respiratory depression 
of 1—-P could be reversed by 4—-P. 

This study was performed on albino rabbits whose 
respiratory rate and volume were measured. This 
was accomplished by connecting the rabbit, by 
means of a rubber face mask and tubing, to a spirom- 
eter that recorded volume of expired air. A two- 
way valve was located between mask and spirom- 
eter which permitted entry of fresh air, but trapped 
all expired air. This was conducted to the spirom- 
eter, to which was attached a stylus that recorded on 
a smoked drum the amount of air expired for one 
minute. 

In Fig. 6 may be seen the results of this experi- 
ment. Intravenous administration of 37.5 mg./Kg. 
of 1—P caused a decrease in both respiratory rate and 
volume. After fifteen minutes of this depression, 
5.0 mg./Kg. of 4-P was administered intravenously. 
For the next twenty minutes both respiratory rate 
and volume were increased, but volume then de- 
creased and attained a level below that caused by 
1-P alone. 
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Fig. 6.—The respiratory stimulant effect of 4- 
phenyl-1,2,4-triazole (4-P) on respiratory depression 
produced by 1-phenyl-1,2,4-triazole (1-P) in the 
intact, unanesthetized rabbit. Vertical lines repre- 
sent respiratory volume, the numbers under the 
vertical lines represent respiratory rate, and the time 
of each measurement is indicated above the vertical 
lines. 
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These observations indicated that the antagonism 
of 4—P for the respiratory depressant effect of 1—-P 
was transient, and that the post-stimulation de- 
pression of the stimulant triazole acted to intensify 
the depression produced by the depressant triazole. 


DISCUSSION 


Experiments performed with the phenyl-triazoles 
have shown these isomers to be qualitatively oppo- 
site in action. There is little positive evidence to 
suggest that these compounds act on other than the 
CNS, for effects of 1-P observed on isolated smooth 
muscle could result from musculotropic toxic actions. 

From available evidence it is impossible to identify 
conclusively the primary site of action of either iso- 
mer. It is quite apparent, however, that the actions 
of the triazoles on the spinal cord are secondary to 
actions on higher centers. This was shown by the 
inability of either compound to influence the ipsi- 
lateral flexor reflex of cats with high spinal cord tran- 
section; whereas, both isomers profoundly affected 
the same reflex in cats with intact cerebrospinal axis. 
It is likely that the triazoles act on the brain stem, 
and it is possible that the medulla can be excluded 
as a primary target site because neither compound 
demonstrated the profound blood pressure or res- 
piratory effects at effective, nontoxic doses that 
could be expected if either had a predominantly 
medullary locus of action. In another respect, the 
stimulant 4—P produces a pattern of action that re- 
sembles pentamethylenetetrazole, a primarily di- 
encephalic stimulant. 

From reported physical characteristics of the tri- 
azoles, an explanation of their opposite effects may 
be found. Jensen and Friediger (9) and Orgel, et ai. 
(10), have determined the dipole moments of these 
compounds, and these indicate that the convulsant 
triazole is more hydrophilic than its depressant iso- 
mer. This would indicate greater lipophilic attrac- 
tion of 1—P, and it could act to increase neurone 
stability by increasing the permeability of nerve cell 
membrane. It is possible that the hydrophilic 4—P 
acts to decrease neurone stability through a decrease 
in membrane permeability, a mechanism proposed 
by Cicardo, et al. (11), for this type of agent. 
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A Thermistor Thermometer and Direct-Reading 
Isotonicity Meter* 


By FRANK M. GOYAN 


A differential thermistor thermometer in- 
tended for measuring freezing-point depres- 
sions is described. The instrument provides 
one temperature range (0-1°) and two iso- 
tonicity ranges (01% NaCl and 1-2% NaCl) 
by means of a selector switch on the front 
panel. The principle of the linear isotonicity 
scale and methods for its calibration and use 
were presented in an earlier paper. 


|: ere AND GoyYAN (1) have shown that it is 

entirely practicable to establish a linear 
isotonicity scale based upon freezing-point lower- 
ing or other colligative property related to ideal 
semipermeable membranes. It is hoped that 
isotonicity values in per cent NaCl may be used 
without confusion as a measure of colligative 
properties of solutions, regardless of intended bio- 
logical applications. This usage need not pre}- 
udice the biological meaning of the concepts 
when qualified by referring to specific biological 
systems. In other words, there should be no in 
congruity in the statement that a certain solu- 
tion of urea known to have an isotonicity value 
of 0.9 per cent NaCl fails to protect certain red 
cells from undergoing hemolysis. Whenever the 
meaning is not clear from the context, it may be 
desirable to employ an abbreviation indicating the 
method of measurement used. For example, 0.9 
per cent NaCl (f. p.) would represent an isotonic 
ity value derived irom freezing-point measure- 
ments. 


CIRCUIT DETAILS 


Regardless of the acceptance of the term iso- 
tonicity in the sense indicated above, a differential 
thermometer capable of being easily calibrated to 
read directly any preselected linear function of freez- 
ing-point depressions is of considerable value. 
Resistors 11 and 12 of Fig. 1 determine the ratio re- 
quired (2). In calculating the values for an iso- 
tonicity scale, resistor 11 is taken arbitrarily at 
10 megohms and resistor 12 is calculated by the 
equation (0.53/0.90) = 10/(10 + x) where x is the 
value in megohms sought. Selection from 10 
meg. and 6.8 meg. resistors gave a satisfactory 
pair, although the solution suggested above gives 
6.98 meg. Obviously, the same type of arithmetic 


* Received April 25, 1958, from the School of Pharmacy, 
University of California Medical Center, San Francisco 22, 
Calif 

Presented before the Scientific Section of the American 
Pharmaceutical Association Meeting, Los Angeles, April 1958 
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can be applied to any desired ratio. Loading fac- 
tors, although slight, indicate the need for final 
check and adjustment 

The bridge circuit is shown in Fig. | directly above 
the word “‘bridge.’’ Resistor 5 is a potentiometer 
that supplies power to the bridge in such a way that 
it is easy to achieve balance for widely different 
values of resistor 7 without producing large changes 
in temperature sensitivity. Any bridge may be 
considered to be made up of two potentiometers in 
parallel. Off-balance conditions are obtained when 
the potential at one center tap differs from the 
potential at the other. Satisfactory linear response 
of this off-balance potential is obtained by selecting 
a suitable value for resistor 7, following the work of 
Zeffert and Witherspoon (3). Values for 7 ranging 
from the resistance of the thermistor to three times 
this value gave linear temperature response within 
+0.01° for a 1° range. The value shown in Fig. 1 
produced a linear response well within this limit. 

The development of the vacuum-tube voltmeter 
circuit followed conventional lines. Some of the 
features of the twin-triode, vacuum-tube, bridge cir- 
cuit were suggested by the circuit used in the RCA 
Senior VoltOhmyst (2). Circuit constants were 
adjusted to give a sensitivity of the order of magni- 
tude of 200 mv. for full-scale deflection 

The selector switch designated X, Y, and Z in Fig 
1 is a typical 3-deck, 5-position switch shown in posi- 
tion 4 which establishes the 0-1°; isotonicity range. 
Position 5 directly below in the circuit diagram differs 
only in that the voltage is read from a different point 
on the bridge. This position establishes the 1-2 
isotonicity range when resistor 8 is adjusted to equal 
the change in resistance of the thermistor corre- 
sponding to a 1°, change in isotonicity. Switch 
position 3 directly above 4 in Fig. 1 differs from 4 
only by a change in the voltage range of the V. T. V 
M. This position is used for adjustment at the ice 
point and for reading freezing-point depression in 
°C. Position 2 is used to balance the V. T. V. M. 
initially with resistor 19 and daily with 18. Posi- 
tion 1 provides for the use of the basic V. T. V. M. 
circuit as an independent unit. 


ADJUSTMENT AND OPERATION 


The principles involved in establishing the linear 
isotonicity scale and in providing suitable reference 
points on the temperature scale have been presented 
in an earlier publication (1). The construction of 
the thermistor probe and certain techniques estab- 
lished for its use have also been described in the 
same paper. Calibration and use of this instru- 
ment requires two fixed temperatures, one at the ice 
point and one reading well beyond the half-way point 
on the 0-1° freezing-point depression scale. 

Adjustment is begun with the thermistor probe 
in the ice bath. Switch to position 2, turn the power 
on, and allow the instrument to warm up for a few 
minutes. Adjust resistor 19 until the meter reads 
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Fig. 1.—Circuit diagram: 
rectifier; T—power transformer; F- 
C—0.001 mfd. mica. Switches: P 
D. P. D. T. Resistors: 1 
6—75 K pot.; 7—1 meg., 1 watt; & 
(see text); 13—2.7 meg.; 14—15 K, 1 watt; 15- 
18—500 ohm pot.; 19—40 K pot.; 20—2.7 K; 21- 


-560 ohms, 1 watt; 2 


BRIDGE RANGE 


VR—voltage regulator tube OA 3, M—0-100 uw A. D. C. meter; R—selenium 
filament winding. 
power switch; XN YZ—ganged rotary selector switch; W 
-5 K, 50 watt; 3 
10 K pot.; 9—5 K pot.; 10 
270 ohms, 1 watt; 16 
10 K pot.; 22 


V. T.V.M. 


B and 
rotary 
270 K; 4—2.7 K; 5—10 K pot.; 
330 K; 11—10 meg.; 12—6.8 + meg 
15 K, 1 watt; 17—5 K, 1 watt; 
330 K; 23-—2.7 meg.; 24—6.8 meg.; 


Capacitors: A—40 mfd. electrolytic; 


25—10 meg.; 51A1—Type 51A1 thermistor made by the Victory Engineering Corporation of Union, N.J 


approximately zero while 18 on the front panel is in 
a central position. Complete the V. T. V. M. zero 
adjustment with 18 and switch to position 3. 
Balance the bridge with the aid of resistors 5 and 6 
while 9 on the front panel is centrally positioned. 
Bridge balance is indicated by a zero reading of the 
meter. The ice bath must be stirred. 

Place the thermistor in the lower reference tem- 
perature bath and stir until a constant reading is 
obtained, using reversal switch W if the meter is off 
scale. Cause the meter to read the known tempera- 
ture of the reference bath by adjusting resistor 21. 

Rinse or wipe the thermistor probe and return it to 
the ice bath. Check, and readjust if necessary, the 
V. T. V. M. zero. With the aid of resistor 9 on 
the front panel, cause the meter to show any con- 
venient reading between 0.35 and 0.55°. Switch to 
position 4 and verify the conversion from freezing- 
point depression to isotonicity, making adjustments 
with the aid of a 1 meg. variable resistor tem- 
porarily soldered in series with resistor 11 or 12. 
Verify the conversion and the V. T. V. M. zero 
before replacing the variable resistor with a fixed 
resistor of about the same value. Prepare a sepa- 
rate ice bath, substituting dilute NaC! for water, if 
the range of resistor 9 is inadequate for a final 
check covering nearly the full scale. 

While the thermistor probe is still in the ice bath 
and resistor 9 is adjusted to give a convenient 
reading, switch from position 4 to position 5 and 
reverse meter polarity with switch W. Adjust re- 
sistor 8 until the sum of the two readings is unity. 


Verify the adjustment of resistor 21 with the aid 
of the additional reference temperature before com- 
pleting this adjustment. 

Only resistors 9 and 18 need daily adjustment. 
For accurate work, it is wise to check the adjust- 
ment of resistor 21 with the aid of the reference tem- 
perature bath from time to time. Inexperienced 
operators must be warned to be assured that the 
probe has reached equilibrium temperature with 
stirring and that the meter is fully warmed up before 
making adjustments. On the instrument in use 
by the author, the selector switch positions are 
labeled, “V. T. V. M.,” “Zero,” “Temp., ° C.,” 
NaCl,” One.” Resistor 9 is labeled 
“Ice Point Zero” and 18 is labeled “V. T. V. M 
Zero.”” These two controls are all that are needed 
on the front panel. Resistor 21 is available from 
the back and is labeled “Sensitivity.” 


RESULTS 


The author’s instrument has been used as a 
development model and as a teaching instrument 
for some time. It has given adequate results in the 
hands of students for over a year. After some ex- 
perience, students are able to obtain freezing-point 
depression values for solutions of NaCl which agree 
with theoretical within 0.01°. 

Using a saturated solution of boric acid in equi- 
librium with ice as a reference temperature, sensitivity 
is checked frequently and often found to require 
no adjustment. The front panel controls have 
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Thermistor Thermometer Isotonicity 
Cc. (Mercury Temp Isotonicity (Calculated), 
Thermometer) Nacl NaCl 
000 0 00 .00 
117 y 20 .20 
264 26 44 44 
392 Os 68 
525 90 
14 14 
58 
70 66 


Temperature 


recently been changed to the larger resistance values 
shown in Fig. 1 in order to cover variations found in 
practice 
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Table I shows the results of a series of measure- 
ments made with the aid of a decade resistor box 
which was set to values previously determined with 
considerable care to represent the resistance of a 
thermistor probe at the temperatures listed in the 
table. The results indicate satisfactory perform- 
ance within the range usually required. The con- 
version to isotonicity could be improved in the 
higher region by more careful adjustment of resistor 
values 
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Adsorption Effects of 


Various Aluminum Antacids upon Some 
Simultaneously Administered Synthetic 
Anticholinergic Drugs* 


By I. W. GROTE and MARIBELLE WOODS 


A study was made of the possible adsorption of various synthetic drugs often given 

simultaneously with aluminum compounds in the treatment of gastric hyperacidity. 

The approximate LD» for each drug upon oral administration to mice was found, 

and the same dose was then given in admixture with various aluminum preparations 

to determine if the same LD was obtained. One of the drugs tested was adsorbed by 

aluminum hydroxide gel, while another aluminum antacid did not cause adsorption 
to the same extent, if at all. 


T= PAPER is a continuation of our work (1) in 

which we showed the adsorptive effects of var- 
ious aluminum antacids upon simultaneously 
administered anticholinergic drugs. The present 
study covers some of the newer synthetic anti- 
cholinergic drugs. Like the alkaloids of the bella- 
donna group, these synthetic drugs are often 
used along with aluminum antacids for their 
therapeutic action in the more rapid control 
of peptic ulcer pain. Since some of the newer 
drugs are similar in chemical constitution to the 
naturally occurring alkaloids, it seemed reason- 
able to assume that they too might be adsorbed 
by some of the aluminum antacids. 


METHOD 


The method of test is the same as that used in 
the previous paper. It consists of finding the 
approximate mouse oral LDg for the drug to be 
tested, and then giving this same dose in admixture 
with the aluminum preparation. The LD dosage 


* Received April 25, 1958, from the Brayten Pharmaceuti- 
cal Laboratory, Chattanooga, Tenn. 


was selected in place of the usual LD, in order to 
have a wider margin in which to show adsorption 
of the anticholinergic drug. The adsorption can 
take place either in the formation of a substance 
nonrecoverable in the mouse intestinal tract, or in 
one recoverable so slowly that the toxic effect of the 
drug is greatly reduced. Presumably this would in- 
dicate to some extent whether the desired thera 
peutic effect in the human patient would be achieved 
if the two drugs were administered simultaneously 
Again, as Seifter, et al. (2), has pointed out, such 
a study does not permit the use of ratios of alu- 
minum antacids to synthetic anticholinergic drugs 
which even approximate those actually used in 
human therapy. However, this factor should 
merely minimize the adsorption effect which would 
be found if the actual human therapeutic ratio was 
used, since the dose of aluminum antacid would be 
in greater ratio, and thus more adsorptive. 

As in the previous study, we used the maximum 
dose of the aluminum compounds which can be con- 
veniently given orally to a mouse by stomach tube, 
namely 200 mg. in a volume of 1.0 cc. This large 
dose of antacid completely neutralizes the mouse 
stomach acidity, and the drug-antacid mixture passes 
through the intestinal tract in a viscous mass. How- 
ever, the fact that some drugs demonstrate un- 
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Acute ORAL Toxicity OF ANTICHOLINERGIC DRUGS IN MIXTURE 


with ALUMINUM ANTACIDS 


Anticholinergic Dose*® 
Drug mg 
Pro-Banthine 21 
19.5 2/24 
18 9/17 
37.5 2/2 
30 24 


25 3/8 


Pathilon 


* Dose in mg. active principle of commercial tablets 
6 Mortality is expressed as number of female mice (: + 


changed toxicity when given in admixture with the 
antacid shows that the method is valid in principle. 

Female mice weighing 24 + 2 Gm. were used for 
the study. This permitted the use of a single 
weight of drug-antacid within a series, rather than 
one based on a mg./Kg. dose. The mixture to be 
tested was given orally using a syringe fitted with a 
blunt No. 18 needle. Animals were then observed 
for twenty-four hours and the deaths which occurred 
during this period were recorded. Twenty-four 
mice were used for each dosage level. 

The antacids tested consisted of a highly active 
commercially available dried alumina gel, U. S. P. 
and dihydroxyaluminum aminoacetate, N. F. 
(powder). Suspensions were prepared containing 
200 mg. of antacid plus the desired amount of anti- 
cholinergic drug for each 1.0 ce. dose. Because the 
two antacids are used in medicine in approximately 
equal doses by weight, a djrect comparison by 
weight is justified. We did not use commercially 
available aluminum hydroxide magmas in this test 
series since the previous work shows they give essen- 
tially the same results as the ones freshly prepared 
from the highly active dried material, and since they 
are rarely available in concentrations as great as 
200 mg. per ml 

In the previous study, in order to test the effect 
of time upon the adsorption of the drug by the 
antacid, tests were made upon antacid-drug mix- 
tures both prepared immediately before oral ad- 
ministration to the mice and those in which the 
drug-antacid magmas were mixed and allowed to 
stand for four days before administration. This 
was not done in the present work, since the results 
obtained previously show merely an intensification 
of the results shown for the freshly prepared mix- 
tures. 

The drugs tested were 8-diisopropylaminoethy! 
xanthene-9-carboxylate methobromide, brand of 
propantheline bromide, Searle (Pro-Banthine) and 
3-diethylamino-1-cyclohexyl-1- pheny! - 1 - propanol- 
ethiodide, brand of tridihexethyl iodide, Lederle 
(Pathilon). Methscopolamine bromide (Pamine, 
Upjohn) is commercially available only in tablets 


PU 


Anticholinergic 
Drug Alone 


8 (100% ) 
(92%) 
(53%) 


Mortality> 
Anticholinergic Drug in Mixture with 
Dihydroxyaluminum 
aminoacetate, 
200 mg 


Al(OH); Gel, Dried, 
200 mg 


17/24 (71%) 16/24 (67% 


(100%) 
(837) 
(37%) 


16/24 (67%) 3/24 (13%) 


2 Gm.) dead in twenty-four hours/number of mice tested 


containing 2.5 mg. of the active principle. Due to 
the bulk of the tablet diluent, it was not possible to 
give more than 15 mg. of active ingredient (6 tablets 
per mouse) which failed to kill. Since this drvg is 
somewhat closely related to homatropine reported in 
the earlier paper, we did not extend this study 
Similarly reserpine in doses of 5 to 50 mg. per mouse 
did not produce death within twenty-four hours 
The smaller doses of reserpine appeared to have more 
readily apparent physical effect on the mouse than 
the large ones. Since the human dose of reserpine 
is only 0.1 to 1.0 mg. per day, we did not follow this 
drug further 

The results obtained with Pro-Banthine and with 
Pathilon are shown in Table 1. Examination of the 
table shows that the freshly prepared magma made 
of dried “active alumina” hydroxide U. S. P. when 
mixed with Pathilon, reduces the oral toxicity to 
mice from an LD to an LD, while it changes an 
LD» for Pro-Banthine to an LDe. Dihydroxy- 
aluminum aminoacetate N. F. under similar condi- 
tions changed the LD, of Pathilon to an LDe, and 
of Pro-Banthine from an LD, to an LDn. 


CONCLUSIONS 


When measured by the mouse LD» method, 
neither dihydroxyaluminum aminoacetate nor 
aluminu: hydroxide show marked adsorptive 
effects ¢; Pro-Banthine when the two are admin- 
istered simultaneously. However, 
marked adsorption of Pathilon by aluminum hy- 
droxide magma, and only slight adsorption by 
dihydroxyaluminum aminoacetate when tested 
by the same method. 


there is a 
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Some Factors Influencing the Saprophytic Production 
of Clavine Alkaloids by Claviceps purpurea* 


By V. E. TYLER, Jr. 


A screening of various ergot samples yielded several isolates capable of unequivocal 


synthesis of clavine alkaloids in ee culture. Of these, a typical agroclavine- 


producing strain was selected, and t 


e influence on it of various modifications of 


nutrient media and cultural conditions was investigated. Mannitol and ammonium 
succinate were confirmed as superior carbon and nitrogen sources in the Stoll-Abe 


medium, but greatly improved yields of alkaloid were o 


ained when increased con- 


centrations of both these compounds were employed. Additions of ascorbic acid 

or biotin and substitution of casein hydrolysate for succinic acid did not increase 

alkaloid production in this medium. A casein hydrolysate-mannitol-basic nutrient 

a decidedly inferior for alkaloid production, but a carbohydrate-pep- 
i 


tone medium yielded excellent results. 


Apcsre has elapsed since the monumental 
announcement by Abe (1) in 1948 of the 
isolation of a new, water-soluble ergot alkaloid, 
agroclavine, from the saprophytic culture of a 
strain of Claviceps purpurea (Fries) Tulasne 
normally parasitizing Agropyron semicostatum 
Nees in Japan. During this time, the production 
of a number of other new, chemically-related 
alkaloids by various strains of Claviceps in sapro- 
phytic culture has been reported (2-6), but no 
detailed study of the influence of nutritional and 
cultural factors on the production of these alka- 
loids has appeared. 

Chemically, the compounds have been sub 
jected to structural examination and have been 
characterized as derivatives of ergoline. In- 
dicative of their relation to agroclavine, they 
have been assigned names derived by adding 
suitable prefixes to the clavine stem. For con- 
venience, the whole group may be referred to as 
clavine alkaloids. 

For the production of agroclavine in sapro 
phytic culture, Abe (1) employed a medium cen- 
taining mannitol and ammonium succinate as 
Stoll, 
et al. (3), subsequently reported that their pen- 
niclavine-producing Claviceps strain obtained 
from Pennisetum typhoideum Rich. produced alka 
loids in all the media tested but gave improved 


the sole sources of carbon and nitrogen. 


vields when sucrose was employed jointly with 


mannitol as the carbon source. An Indian patent 


(7) obtained by Sandoz, A. G. has revealed the 
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Submerged cultures contained considerably 
lower concentrations of alkaloids than stationary cultures. 
optimum fermentation time for all media under all conditions was established. 


The importance of an 


importance of adequate levels of iron and zinc 
in the culture medium for alkaloid production. 

Since further specific information regarding the 
influence of the composition of the medium on the 
biosynthesis of clavine alkaloids has not appeared 
in the literature, it seemed worth while to under- 
take an examination of the effect of various 
nutritional and other environmental factors on 
the production of clavine alkaloids in saprophytic 
culture. 


EXPERIMENTAL 


General Methods.—lIsolates of various ergot 
samples were prepared by cutting small segments 
from the inner pseudo-parenchyma tissue of sclerotia 
and surface-sterilizing them by dipping in diluted 
Lugol’s solution followed by rinses in 70° alcohol 
and sterile distilled water. Mycelial development 
followed implantation in culture tubes containing 
slants of a casein hydrolysate-mannitol-basic nu- 
trient medium (8) solidified with 2, agar. Trans- 
fers were subsequently made and maintained on 
additional tubes of the same medium. 

Isolates obtained in this manner were tested for 
their alkaloid-producing ability by transferring them 
to Roux-type culture flasks containing 125 ml. of 
Stoll’s (3) modification of Abe’s nutrient solution 
(Stoll-Abe medium). Although Abe, ef al. (9), had 
previously shown that their cultures reached a maxi- 
mum agroclavine content after thirty to thirty-five 
days and this period of time was selected as a con- 
venient one for preliminary studies, evidence was 
subsequently obtained that the time of maximum 
alkaloid content varied considerably, depending 
upon the composition of the medium and the strain of 
C. purpurea employed. Unless otherwise stated, the 
cultures were allowed to develop at room tempera- 
ture for thirty-five days. 

In confirmation of the report of Stoll, et al. (3), it 
was found that the quantity of alkaloids produced by 
any given strain was not exactly reproducible in 
repetitive experiments. Results were found to 
vary slightly according to the rapidity of develop- 
ment of the organism, as affected by the amount of 
inoculum employed, the temperature, and other sim- 
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ilar factors. Thus, when possible, the cultures in 
comparative experiments were inoculated from the 
same stock culture and allowed to develop simul- 
taneously. At the end of the selected fermentation 
period, the flasks were harvested and the mycelium 
separated from the culture medium by straining. 

Two milliliters, or an appropriate quantity di- 
luted to 2 ml. of the centrifuged medium, were tested 
directly for alkaloids by mixing with 4 ml. of p-di- 
methylaminobenzaldehyde reagent (10). After 
illuminating the mixture for seven minutes with a 
mercury vapor lamp (11), the solution was trans- 
ferred to a '/. inch test tube and the absorbance de- 
termined in a Bausch and Lomb Spectronic 20 spec- 
trophotometer at 590 mu. 

The mycelium was dried in a mechanical convec- 
tion oven at 45° for forty-eight hours and weighed. 
Moisture analyses carried out (11) at random on a 
number of 1-Gm. samples revealed that mycelium 
treated in this fashion possessed an average residual 
moisture content of 7%. 

Samples were next defatted and assayed by a mod- 
ification of the procedure of Silber and Schulze (10). 
The modification consisted of omitting the pH 8 
buffer shakeouts and using only the tartaric acid 
solution for this purpose. In this way, the total 
alkaloids, both water-soluble and water-insolubie, 
were present in the combined tartaric acid shakeouts 
which were assayed in the manner just described 
for the medium 

Alkaloid concentrations were determined from a 
standard curve prepared from ergonovine maleate, 
U. S. P. Reference Standard, and were calculated 
and expressed as the percentage of agroclavine (mol. 
wt. = 238.32) on the basis of the volume of the cul- 
ture medium or the weight of oven-dried (7% 
moisture), defatted mycelium. 

When desired, the composition of the total alkaloid 
fraction was established by the paper chromato- 
graphic method of Wier (12). The filtered culture 
medium was acidified with tartaric acid and defatted 
by shaking out with replicate portions of ether or 
petroleum ether. It was subsequently rendered 
alkaline with 10° ammonium hydroxide and ex- 
tracted with a mixture of chloroform-isopropyl al- 
cohol (3:1) or with pure chloroform. The extract 
was evaporated in a stream of warm air and the res- 
idue redissolved in 3 ml. of a 2°) aqueous solution 
of tartaric acid 

Portions (50-159 ul.) of this concentrated extract 
of the medium or similar portions of the tartaric 
acid extract from the assay of the mycelium were 
spotted on one-inch strips of Whatman No. | filter 
paper which had previously been dipped in Mcll- 
vaine’s buffer at pH 5 and allowed to airdry. The 
strips were formed by the ascending technique em- 
ploying water-saturated n-butanol as the wash 
liquid. Under these conditions the principal cla- 
vine alkaloids,' which could be detected by the char- 
acteristic color developed on spraying with 2° p- 
dimethylaminobenzaldehyde in 1 N_ hydrochloric 
acid, showed the following average R; values: agro- 
clavine 0.60, setoclavine 0.44, elymoclavine 0.33, 
penniclavine 0.22. 

Selection of Clavine Alkaloid-Producing Strains— 
A screening program involving the testing of more 


! Reference samples supplied through the courtesy of Dr. 
A. Hofmann, Sandoz Ltd., Basle, Switzerland. 


than 50 samples of ergot from various parts of the 
world yielded a limited number of cultures capable 
of the repeated synthesis of appreciable quantities 
of clavine alkaloids in saprophytic culture 

The C. purpurea isolates which showed unequivo- 
cal alkaloid production when cultured and tested by 
the procedures described above were as follows: 

Sample 15.—Ergot of Agropyron semicostatum, 
collected near Kyoto, Japan, July 1956, courtesy of 
Dr. Haruya Shimada. 

Sample 33.—Culture of ergot of Agropyron semi- 
costatum (Japanese source), courtesy of Dr. E. Glaz, 
Budapest, Hungary, 1956. 

Sample 47.—Ergot of Pennisetum typhoideum 
(French Equatorial African source), courtesy of 
Dr. A. E. Schwarting, Storrs, Conn., 1957. 

Typical quantitative results of alkaloid produc- 
tion obtained with these strains are recorded in 
Table I. 

One of these strains, 15A, was also tested for 
alkaloid production in the Stoll-Abe medium modi 
fied by the addition of 5% of sucrose, since Stoll, et 
al., reported increased yields with their Claviceps 
culture in this medium. After thirty-five days fer- 
mentation the volume of medium in four flasks aver- 
aged 74 ml. and contained only 0.77 mg. “% of 
alkaloid in spite of excellent mycelial development 
(2.23 Gm.). 

The mycelial mats of all of these cultures exhib- 
ited the usual variations in form and color. At the 
end of the incubation period the media from these 
clavine alkaloid-producing cultures had changed 
from their original colorless condition to different 
shades of brown or reddish-brown. 

Chromatographic analysis of extracts of the me- 
dium and mycelium of different cultures revealed 
agroclavine, setoclavine, elymoclavine, and small 
quantities of an unidentified water-insoluble alka- 
loid as the metabolic products of strain 15. Only 
agroclavine could be detected in the culture of 
strain 33, but this may have been due to the rela- 
tively small quantity of alkaloidal mixture chromato- 
graphed. If not completely absent, the other alka- 
loids were present in a quantity insufficient to be de- 
tected by the methods employed. Strain 47 was 
found to produce agroclavine, elymoclavine, and 
penniclavine. 

In order to study the influence of various factors 
on clavine alkaloid production, it seemed advisable 
to select a culture which appeared typical of those 
examined. For this purpose, strain 15D was chosen, 
and the bulk of this investigation was carried out em- 
ploying this isolate. 

The Effect of Various Carbohydrates and the 
Ammonium Salts of Various Organic Acids on 
Alkaloid Production.—-In order to ascertain the in- 
fluence of certain single carbohydrates on alkaloid 
production, a series of cultures was prepared con- 
sisting of two flasks each of the Stoll-Abe medium in 
which sorbitol, glucose, maltose, fructose, sucrose, 
inositol, galactose, lactose, or dulcitol had been 
substituted in like quantity for mannitol. After in- 
oculation with strain 15D the cultures were allowed 
to incubate for thirty-two to thirty-five days, har- 
vested, and the culture medium and mycelium as- 
sayed as previously described. The average results 
of the assays of the duplicate flasks of each carbohy- 
drate substituted are reported in Table II. 
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I.—ALKALOID PRopUCTION BY TYPICAL 
CLAVINE-PRODUCING STRAINS OF Claviceps 


Dry 
Alkaloids Weight Alkaloids 


M M ediu m, My My 

Strain No 1 mg. % Gm % 
15A* 11.71 15 0.153 
15B 12.85 2.31 O86 
15C 4.10 O82 
15D 10.69 047 
15E 7.56 267 
33 5.40 O44 
47 7.02 


Volume 


* Letter designations indicate isolates from different sclero 
tia of the same sample 


Il.—Tue Errect oF THE CARBOHYDRATE 
Source ON ALKALOID PropucTiIOoN BY STRAIN 15D 


Dry 

Volume Alkaloids Weight 

of in ot in 
Medium, Medium, Mycelium, Mycelium 

Carbohydrate ml G 
Sorbitol 9S 1 
Glucose 85 1 
1 
1 


Alkaloids 


Trace 
0.042 
0.040 
0.028 
Nega- 

tive 
Nega- 

tive 


Maltose 93 
Fructose 92 
Sucrose 85 1 
Inositol 105 ) 


Galactose 100 0.7 
Lactose 


Dulcitol 
gible 


Since none of the carbohydrates substituted gave 
yields superior to those obtained in the mannitol- 
containing medium, it was decided to determine if 
variations in the mannitol concentration had any in- 
fluence on alkaloid production. Consequently two 
flasks each of Stoll-Abe medium containing 10, 15, 
and 20°, mannitol were prepared and tested as pre- 
viously described. In this case, however, the de- 
velopment of the organism proceeded more slowly 
than in the usual 5°, mannitol medium, and the in- 
cubation period was extended to a total of forty-five 
days. Also, since the preponderance of alkaloid in 
a culture is contained in the medium, the mycelium 
was not assayed. Average results of this trial are 
recorded in Table III. 

The effect of substituting the ammonium salts of 
various other organic acids for the succinic acid 
(ammonium succinate) in the medium was next as- 
certained. Actually, after addition of the acid, the 
pH of the Stoll-Abe medium is adjusted to 5.2 with 
ammonium hydroxide and the acid is converted 
largely to its ammonium salt. This being under- 


Tue Errect or INCREASED MANNITOL 
ON ALKALOID PRODUCTION BY 
STRAIN 15D 
Volume of Alkaloids in Dry Weight of 
Medium, ml. Medium, mg. “4 Mycelium, Gm 
87 25.84 3.37 
90 39.60 4.2 
102 34.02 4 


Tasce III. 
CONCENTRATIONS 


Mannitol, 
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stood, hereafter for the sake of brevity these com- 
pounds will be referred to as acids, the form in 
which they were originally added to the medium. 
A series of duplicate cultures containing like quan- 
tities (5.4 Gm./L.) of L-malic, citric, fumaric, glu- 
tamic, a-ketoglutaric, itaconic, pL-malic, pyruvic, 
tartaric, citraconic, oxalacetic, and malonic acids in- 
stead of succinic acid, was prepared. These were 
then treated as previously described, incubated 
thirty-five to thirty-eight days, and assayed with 
the average results recorded in Table IV. 

In considering the results obtained in these experi- 
ments with carbohydrates and acids it was decided 
to combine an increased concentration of mannitol 
in the medium with increased concentrations of suc- 
cinic acid. However, since a medium of this com- 
position departed appreciably from the original for- 
mula, it was deemed necessary to consider the factor 
of fermentation time as well. A series of flasks was 
prepared containing the Stoll-Abe medium modified 
to contain 15° mannitol. Duplicate flasks of 
media containing 2.7, 5.4, 10.8, and 21.6 Gm./L. 
of succinic acid were employed. Following inocula- 
tion with strain 15D, small portions of the culture 
medium of each flask were withdrawn aseptically on 
the thirty-fifth and fortieth day of incubation. A 
final assay of the medium was carried out on the 
forty-fifth day, concluding the experiment. 

Mycelial development took place more rapidly in 
the cultures containing less succinic acid, but a 
slower, more profuse development followed in the 
cultures containing larger amounts. That alkaloid 
accumulation also tended to follow this pattern will 
be observed from the results recorded as averages in 
Table V. 

The Influence of Certain Modifications and 
Changes of the Medium on Alkaloid Production.— 
Various other additions and modifications of the 
basic Stoll-Abe medium were tested in an attempt to 
increase alkaloid production. 

Since Kaiser and Thielmann (13) obtained some 
indications that vitamin C might play a role in alka- 
loid synthesis by C. purpurea in saprophytic cul- 
tures, a series of culture flasks containing additions 


1V.—Tue Errect or THE ORGANIC ACID 
Sourc 


Alkaloids 
in 
Mycelium, 


Dry 
Volume Alkaloids Weight 


o in o 
Medium, Medium, Mycelium, 


Acid ml ¢ Gm 
Succinic 90 
L-Malic 97 
Citric 100 
Fumaric 91 
Glutamic 97 
a-Keto- 

glutaric 8&5 
Itaconic 85 
pL-Malic 90 
Pyruvic 90 
Tartaric 95 
Citraconic 


Oxalacetic 


Malonic 


= 
60 
sli- 
gible 
0.026 
0.028 
0.209 
0.104 
0.041 
0.013 
0.025 
0.019 
0.208 
1- 
gible 
Negli- 
10 gible 
20 gible 
; 
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TasLe V.—-Tue Errect 
CONCENTRATION, WITH 


OF THE Succinic AcID 
15% MANNITOL, ON 


ALKALOID PRODUCTION BY STRAIN 15D 


Alkaloids in Dry Weight of 
Medium Mycelium, 


mg. % Gm 


2.94 


Age of 


Succinic Acid Culture 
I 


Gm 


of ascorbic acid in concentrations of 5, 10, and 20 
mg./L. of Stoll-Abe medium was prepared. Two 
flasks of each vitamin concentratin were inoculated 
with strain 15D, allowed to incubate thirty-five 
days, and the media assayed 

Taber and Vining (14) obtained evidence which 
led them to conclude that an exogenous source of 
biotin was necessary for growth of C. purpurea. It 
was decided, therefore, to test the influence of added 
biotin on alkaloid production by strain 15D. Two 
flasks of Stoll-Abe medium containing added bio- 
tin in a concentration of 100 w g./L. were pre- 
pared, inoculated with strain 15D, allowed to incu- 
bate for thirty-five days, and assayed. 

Enzymatic casein hydrolysate had been shown 
(8) to be a superior nitrogen source for growth and 
development of C. purpurea in culture. The effect 
of substituting it for the ammonium succinate in the 
Stoll-Abe formula was next tested. Two flasks of 
medium were prepared containing an equivalent 
weight of casein hydrolysate instead of the succinic 
acid and the pH was not adjusted by the addition of 
ammonium hydroxide. The flasks were inoculated 
with strain 15D, incubated, and the media assayed 
as previously described. 

Claviceps purpurea is known to thrive in a large 
number of media, the composition of which is quite 
different from that of Stoll-Abe. To determine what 
effect the composition of some of these might have 
on alkaloid production, two were selected at random 
for testing. These were the casein hydrolysate- 
mannitol-basic nutrient medium of Tyler and 
Schwarting (8) and the carbohydrate-peptone 
medium of Gjerstad (15), modified by Adams (16) 
by the addition of 80 Gm. of mannitol, 20 mg. of in- 
dole acetic acid, and 10 additional Gm. of sucrose 
(20 Gm. total) per liter. 

Two flasks of each of these media were inoculated 
with strain 15D and also two of the carbohydrate- 
peptone medium with strain 47. After incubating 
thirty-five days, the media of all cultures were as- 
sayed. 

Averages of the results obtained in these various 
modifications and changes of the culture medium 
are reported in Table VI. 

The Alkaloid Content of Mycelial and Pseudo- 
sclerotial Tissues.Many cultures occasionally 
formed the dense black knots of tissue termed 
pseudosclerotia by McCrea (17); however, it was 
observed that such structures were particularly 
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TaBLe VI.—Tue INFLUENCE OF CERTAIN MEDIA 
MODIFICATIONS ON ALKALOID PRODUCTION BY 
CLAVINE-PRODUCING STRAINS 


Dry 


Volume Alkaloids Weight 


Medium, 
Medium ml 
Ascorbic acid added 
5 mg./L. 93 2.89 
10 mg./L. 90 2.62 
20 mg./L a 2.30 


in o 
Medium Mycelium, 
meg. “ Gm 


Biotin added 
100 ug/L. 90 48 


Casein hydrolysate 
substituted 88 


Casein hydrolysate- 
mannitol-basic 
nutrient 


Carbohydrate pep- 
tone 
strain 15D 
strain 47 


distinctive, characteristic, and abundant on the 
medium containing a-ketoglutaric acid substituted 
for succinic acid. Since it has been postulated that 
only true sclerotial tissue is capable of ergot alkaloid 
synthesis, at least under normal parasitic condi- 
tions (18), it seemed of interest to determine if there 
was any difference in alkaloid content between the 
pseudosclerotial and the mycelial tissues 

Eight flasks each of the Stoll-Abe medium and 
the medium in which a-ketoglutaric acid was sub- 
stituted for the succinic acid were prepared, inocu- 
lated with strain 15D, and allowed to develop for 
thirty-five days. At the end of this time the tissue 
was removed from the flasks and carefully separated 
into mycelial and pseudosclerotial tissues produced 
on each medium. The pooled tissue types were 
dried, defatted, and subjected to duplicate analyses 

In the case of the tissues produced on the Stoll- 
Abe medium, no significant difference was found be- 
tween the two types. The alkaloid content of the 
mycelium averaged 0.095°,, that of the pseudo- 
sclerotia 0.091°. The alkaloid content of the 
pseudosclerotia produced on the a-ketoglutaric acid 
medium was more than three times as large (0.045 ) 
as the content of the respective mycelium (0.013, ) 

Alkaloid Production in Shake Culture.—Prelim- 
inary experiments with the organism in shake culture 
yielded seemingly erratic results which were found 
to be due to a rapid increase, followed by an even 
more rapid decrease, of the alkaloid concentration of 
the medium under these conditions. Once this was 
understood, uniform results were obtained by using 
2-L. Erlenmeyer flasks containing 500 ml. of the 
culture medium. The flasks were inoculated with 
strain 15D and placed on a New Brunswick Rotary 
Action Flask Shaker, Model V, operating at 280 
r. p.m. Alkaloid formation was followed by with- 
drawing aseptically a few milliliters of medium at 
frequent intervals and assaying as previously de- 
scribed 

Since preliminary experiments had further indi- 
cated a rather low level of alkaloid production under 


| 
i 
2.7 40 2.46 
2.7 45 1.57 4.32 
5.4 35 5.40 
5.4 40 3.67 
5.4 45 4.53 4.32 
10 8 35 11.48 
is 10.8 45 36.72 5.95 1.58 
21.6 35 3.99 
eS 21.6 45 12.69 5.74 2.03 1.62 
90 1.11 0.84 
89 22.14 4.19 
75 36.34 5.16 
a, 
‘ 
af 
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these conditions in the original Stoll-Abe medium, 
an experiment was undertaken to determine the 
effect of added mannitol on alkaloid production in 
submerged culture. Four flasks of Stoll-Abe me- 
dium containing 5, 10, 15, and 20°) of mannitol re- 
spectively were prepared and tested with the re- 
sults shown in Table VII. 


DISCUSSION 


Of a number of single carbohydrates tested as pos- 
sible replacements for the mannitol in the Stoll- 
Abe medium, none produced higher alkaloid yields 
in the medium or the mycelium following a thirty- 
five-day fermentation period than the original 
sugar alcohol. When the medium was supple- 
mented with 5°) sucrose in addition to the mannitol, 
alkaloid production decreased substantially, thus 
indicating a possible difference in requirements for 
alkaloid biosynthesis between the Agropyron ergot 
strain employed, 15A, and the Pennisetum ergot 
strain of Stoll, et al 

Only one carbohydrate, sorbitol, proved approxi- 
mately half as good as mannitol in terms of alkaloid 
concentration in the medium. Increasing the con- 
centration of the mannitol did yield greater alka- 
loid concentrations, but growth and metabolism were 
considerably slower, and in the 20°; mannitol me- 
dium maximum alkaloid production had apparently 
not been obtained after forty-five days 

Substitution of various organic acids likewise re- 
vealed none superior to succinic in terms of total 
alkaloid concentration of the medium. Several, in- 
cluding L-malic, citric, fumaric, glutamic, and 
ketoglutaric acid proved nearly as good on an equal 
weight basis, and of these, citric acid also yielded 
mycelium with an eightfold increase in alkaloids in 
comparison to that produced in the succinic acid 
medium 

These experiments do not, however, clearly dif- 
ferentiate between the importance of the anionic 
plant acid and its ammonium cation. Since nearly 
equivalent additions of ammonium hydroxide gave 
significantly different results in the presence of 
different acids, the latter are not without effect 
Nevertheless, the exact roles of the cation and the 
anion remain to be evaluated 

Increasing the succinic acid concentration in com- 
bination with an increased mannitol concentration 


Taste VII.—Tue Errect or TIME AND 
MANNITOL CONCENTRATION ON ALKALOID 
PRODUCTION IN SHAKE CULTURE 


THE 


Alkaloids in Medium, mg. 
or 


5% Z 5% 20% 
Mannitol Mannitol Mannitol Mannitol 
41 1.03 0.5 
62 0 
70 0.7 
56 3 
19 5 
13 
30 
57 
O8 
65 
Negli- 
gible 


og 
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(15°) caused a further increase in alkaloid produc- 
tion, but growth and development of the organism 
were slowed considerably and again, at the higher 
concentrations, maximum alkaloid production was 
apparently not achieved after a forty-five-day fer- 
mentation period 

Additions of ascorbic acid to the Stoll-Abe medium 
depressed alkaloid production in proportion to the 
quantity added; biotin likewise apparently showed 
a slight negative activity, and the substitution of 
casein hydrolysate for succinic acid caused a de- 
crease in alkaloid production under the conditions 
employed 

The casein hydrolysate-mannitol-basic nutrient 
medium proved decidedly inferior for alkaloid pro- 
duction, but the carbohydrate-peptone medium gave 
superior results to those obtained in the original 
Stoll-Abe medium for both strains 15D and 47. 
Yields obtained for strain 15D were still inferior to 
those achieved with increased mannitol and succinic 
acid concentrations in the Stoll-Abe medium 

The strongly differentiated, numerous pseudo- 
sclerotia produced on the medium containing a- 
ketoglutaric acid contained more than three times as 
much alkaloid as the accompanying mycelium 
Nevertheless, their content was only about half as 
much as that of the mycelium from a standard 
succinic acid culture medium, in which the content 
of the less strongly differentiated pseudosclerotia did 
not differ appreciably from that of the mycelium 

\ssuming that alkaloid production or concentra- 
tion is actually greater in pseudosclerotial tissues, 
this apparent discrepancy might be explained by the 
fact that in the succinic acid cultures all of the 
growth more nearly approached the character of 
pseudosclerotial tissue than mycelial tissue. This 
was certainly indicated by a comparison of the ap- 
pearance and form of the growth in the respective 
media 

Shaking speeded up the growth of the organism 
somewhat, but in the unmodified Stoll-Abe medium 
reduced the maximum alkaloid concentration of the 
culture liquid to about one-tenth that of the sta- 
tionary cultures. The alkaloid content of the myce- 
lial tissue produced in submerged culture was found 
to be negligible. Increasing the mannitol content of 
the shake medium also caused an appreciable in- 
crease in the alkaloid concentration of the nutrient 
liquid 

Apparently, submerged fermentation causes a 
speed-up in both the anabolism and catabolism of 
the clavine alkaloids, as evidenced by the rather 
limited period when these compounds accumulate to 
any appreciable extent. This most likely occurs 
when a stage of development of the organism is 
reached which greatly favors the anabolic phase of 
this dynamic equilibrium, but the increased cata- 
bolic activity is still present and the concentration 
of alkaloid never reaches a level equivalent to that 
achieved in stationary culture 

Regardless of the nutrient medium employed, the 
clavine alkaloid-producing cultures always syn- 
thesized detectable quantities of alkaloids. Chro- 
matographic analysis revealed that the qualitative 
identity of the alkaloidal mixture did not vary with 
the different nutritional conditions, but if produc- 
tion was extremely small, it was sometimes difficult 
to detect those alkaloids which were present only as 


Age of 
Culture, 

Days 
10 
12 
14 
17 
19 
21 
24 
26 
28 
31 
33 
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minor constituents of the total fraction. It is not 
unlikely that if production and testing had been car- 
ried out on an expanded scale, an even larger number 
of minor alkaloids might have been detected in the 
culture. 

The quantitative production of alkaloids was 
shown to be influenced markedly by the concentra- 
tion and identity of the carbohydrate source and the 
organic acid. It was also shown to fluctuate with 
time, ascending to a peak and then descending if the 
culture was allowed to continue metabolizing. The 
rapidity of this fluctuation was found to be depend- 
ent upon the composition of the medium, the cul- 
tural conditions (shake or stationary), and would no 
doubt vary also with different strains of C. purpurea 

A recent publication (6) has shown that it is pos- 
sible to select strains of greatly increased alkaloid- 
producing capacity (150 mg. % in the nutrient 
medium). The productive ability of such strains 
can doubtlessly be increased still further by the se- 
lection of a proper nutrient medium based upon the 
fundamental observations and experimental data 
reported in this study 
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A Study of the Anthelmintic Activity of 
Some Lactones and Peroxides* 


By DUANE G. WENZEL and CARROLL M. SMITH 


Several lactones and peroxides were compared to santonin and ouabain for their 
in vitro anthelmintic activity. An unsuccessful attempt was made to correlate anthel- 


mintic activity of the lactones ability. 
e was the most active compound tested. 


tration, tertiary-buty! hydroperoxi 


ANTHELMINTIC AGENTS including san- 
tonin contain an unsaturated lactone ring 


in their structure. While saturation of this 
ring has been found by some to decrease the 
effectiveness of santonin and simple lactones 
(1), the saturated compounds still retain some 
activity (1-3). Because unsaturation in a 
lactone may contribute to the formation of a 
peroxide (4) and because ascaridole, diheptanol 
peroxide, as well as the peroxides of olive, cotton- 
seed, and peanut oil are active as anthelmintics 
(5), it was decided to examine the possibility of a 
relationship between the anthelmintic activity 
of simple lactones and their predictable peroxide 
formation. Several organic peroxides, santonin, 
and ouabain were also included in the study. 


EXPERIMENTAL 


Except for santonin, which was obtained from 
Merck and Company, the sources and structures 


* Received May 28, 1958, from the University of Kansas, 
School of Pharmacy, Lawrence 

Abstracted from a portion of the data contained in a thesis 
submitted to the Graduate School of the University of Kan- 
sas by Carroll M. Smith for the degree of Master of Science. 


Ata 1:1,000 concen- 


of the compounds tested have been previously 
described (4) 

The worms used were the parasitic intestinal 
nematode of the hog, Ascaris suum, collected 
shortly after the death of the hogs. They were 
washed in a special Ringer's solution (6) and main- 
tained in this solution at 33-37°. This solution 
was also used as the bath medium in the studies 
described. Worms kept at the lower temperatures 
of the indicated range lived longer (from three to 
four days total) and generally produced more satis- 
factory recordings. Storage at temperatures of 
37° and above weakened the worms and consider- 
ably hastened their death. Only female worms of a 
rose-pink color were used as these were found to be 
more vigorous and uniformly active 

Method.—Anterior and intermediate sections of 
the worms were prepared according to Baldwin (6) 
Test agents were added to the Ringer's solution 
bath maintained at a temperature of 37°. Move- 
ments of the worm sections were recorded kymo- 
graphically. The anterior sections contain the 
“nerve-ring’’ in which are collected a majority of 
the ganglion cells of the nervous system. This 
apparently serves as a primitive brain and those 
drugs which are more active on the anterior section 
are believed to produce their effect on this nervous 
system. Santonin has been reported to be more 
effective on this preparation (6). In preliminary 
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observations with the lactones it was found that 
better responses were also obtained with the an- 
terior sections. For this reason all studies in this 
report were conducted using these sections. 

Differences of opinion exist as to whether the 
worms should be stored and studied in oxygenated 
solutions or under relatrrely anaerobic conditions. 
While it has been stated that the ascarid lives in a 
nearly anaerobic environment and should be tested 
under similar circumstances (7), the statement has 
also been made that complete anaerobiasis is not 
obtained under the conditions of testing (8). Fur- 
thermore, the intestinal gases of the hog are re- 
ported to contain about 5% oxygen (9). Since the 
lactones are known to absorb oxygen in the forma- 
tion of peroxides (10), initial tests were conducted 
in an oxygenated medium. It was observed that 
oxygenation per se was toxic to the worms and fur- 
ther tests were carried out in an ungassed bath 
In order to determine the effect of an anaerobic en- 
vironment on the actions of the compounds, AS, y- 
angelica was also tested in a 
degassed, nitrogen-treated bath. 

Compounds were tested initially at a 1:1,000 
concentration and the time required to produce 
paralysis recorded in minutes. If any appreciable 
activity was observed, they were re-examined at a 
1:5,000 concentration. Santonin could not be 
studied at the higher concentration because of its 
limited solubility. The number of sections em- 
ployed for each compound varied according to the 
uniformity of the results obtained. 


lactone vacuum- 


RESULTS AND DISCUSSION 


The effect of the test agents on the anterior prep- 
arations of the ascarid are listed in Table I. The 
values are recorded as the mean times to paralysis 
in minutes followed by the standard error for those 
experiments in which positive results were obtained 
with six or more preparations. Due to the varying 
sensitivity of the sections, some tests were equivocal 
and still others, using the same concentration of the 
compound, were essentially negative. These re- 
sults are expressed respectively by a question mark 
and a minus sign. The most desirable and easily 
interpreted effect was the transition from active 
rhythmical contractions to a steady unmoving 
This was interpreted as paralysis. The 
onset of paralysis was preceded by a period of 
changing activity and it was not uncommon to ob- 
serve short volleys of convulsive movements after 
normal activity had ceased. The character of this 
movement was such that it could not be termed 
purposeful and although it sometimes occurred 
in a somewhat rhythmic pattern, the worm section 
was still considered to be paralyzed. The test 
agent-induced transition from normal movement 
to paralysis and thence to the convulsive move- 
ments is illustrated by Fig. 1. A typical record 
illustrating the production of paralysis is shown by 
Fig. 2. Figures 3 and 4 are characteristic of re- 
sponses termed equivocal. It is seen that definite 
changes in the amplitude or type of activity occur, 
but it could not be concluded that the action in 
these cases was that of an effective anthelmintic. 

From an examination of the Table, it may appear 
that the 8-methyl angelica lactones are more effective 


state 
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1 


4 4 4 4 4 


Fig. 1.—Paralyzant action of santonin 1:5,000 
Typical volleys of convulsive movements are seen 
after the onset of paralysis. Time in 3.3-minute 
intervals. 


Fig. 2.—Paralyzant action of y-ethyl Ae, Sangeli- 
ca lactone, 1:1,000. Time in 3.3-minute intervals. 


Wa 


Fig. 3.—A typical equivocal anthelmintic re- 
sponse. Ae. Sangelica lactone, 1:1,000. Time in 5- 
minute intervals 


1 


Fig. 4-—A typical equivocal anthelmintic re- 
sponse. y-Ethyl-a,8 angelica lactone, 1:5,000. 
Time in 5-minute intervals 


at a 1:5,000 concentration than at 1:1,000. It 
may be seen, however, that several of the sections 
at a 1:5,000 concentration produced equivocal re- 
sponses. A similar situation exists for 2,2-bis 
(tertiary-butylperoxy) butane. Because only the 
most sensitive preparations responded at the lower 
concentrations, the percentage of sections yielding 
a positive response was always less at 1:5,000 than 
at the 1:1,000 concentration despite the fact that 
the times to paralysis apparently indicate an equal 
or greater activity. 

The equivocal results obtained with the saturated 
lactones, y-butyrolactone and y-valerolactone, are 
consistent with the observation that the activity 
of santonin is reduced by two-thirds when the 
molecule is saturated (1) 

Inasmuch as unsaturated lactones have been 
demonstrated to produce biological effects by react- 
ing with amino or sulfhydryl groups of proteins 
(11), it cannot be concluded that the anthelmintic 
activity of the unsaturated lactones is necessarily 
related to peroxide formation. The similarity of 
the action of the peroxides tested to that of santonin 
and the simple unsaturated lactones may be related 
to the known ability of peroxides to oxidize sulfhy- 
dryl groups. Thus both types of compounds may 
act by reacting with sulfhydryl groups, the unsat- 
urated lactones by addition across the double 
bond and the peroxides through the formation of 
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Compound*® 
MS, yAngelica lactone 
8Angelica lactone 
8-Methyl] A4. Yangelica lactone 
8-Methyl A*. 8angelica lactone 
y-Methyl A*, angelica lactone 
y-Ethyl A*Sangelica lactone 


y-Butyrolactone 
+>-Valerolactone 


Tertiary-butyl hydroperoxide 
Di-tertiary-butyl peroxide 
2,2-Bis(tertiary-butylperoxy) butane 


Ouabain 


Santonin 
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* Structures are given in a previous publication (4) 
E. = Zd*/N(N — 1) 

© Number of preparations tested in parentheses. 
@ Equivocal results are expressed as ? 

* Negative results are expressed as — 

/ Anaerobic conditions 
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ANTHELMINTIC AcTIVITY OF SOME LACTONES AND PEROXIDES 


Time in Minutes to Paralysis® ~¢ 


1: 1,000 1: 5,000 
25 (8) + 6.1 57 (2 
34 (7) 6.6 ? (1) 
Nz ? (1) — (1 
32 (6) + 6.1 39 (2) 


30 (7) + 7.8 py. 


30 (9) + 6.9 27 


34 (7) + 7.3 ? (3) 

? (1) = (}) 
28 (9) + 5.4 ? (6) 

? (1) 

? (4) 

? (2) 

— (1) 

9(7) a 5.7 30 (9) +9.2 

? 


36 (3) 67 (1 
? (3) ? (3) 
29 (7) + 10.5 23 (2) 
> (2) > i 
63 (2) 
? (2) 
— (1) 
Insoluble 30 (10)+ 7.4 
> (7) 


disulfide groups. In order to conclude that the 
activity of the lactones is related to peroxide forma- 
tion, it should be necessary to correlate the anthel- 
mintic activity with the theoretical capacity to 
form peroxides (4). This was not accomplished. 
It can only be stated that the more active peroxide- 
forming unsaturated lactones, i. e., those without 
y-substitution in this case, were somewhat more 
effective as anthelmintics. This was most evident 
at the 1:5,000 concentration. Unfortunately, the 
same factors which influence peroxide-formation, 
particularly stabilization of free radical formation 
through resonance, also increase the reactivity of 
the compound toward thiol or amino groups. 

QOuabain was found to be relatively inactive at a 
1:1,000 concentration. Apparently the activity 
relationship observed between ouabain and the 
unsaturated lactones on the frog heart (4) does not 
apply to the anthelmintic action. 

The effect of santonin at 1:5,000 was no greater 
than that exhibited by the unsaturated lactones 
either in terms of time to paralyze or per cent re- 
sponding. A point of similarity observed with both 
agents was the frequent appearance of convulsive 
contractions after paralysis 


SUMMARY 


1. A group of simple lactones, peroxides, 
santonin, and ouabain were tested in vitro for 
their paralytic effect on anterior sections of 
Ascaris suum. 


2. All the unsaturated lactones and the per- 
oxides demonstrated some anthelmintic activity. 
The activity of santonin at a 1:5,000 concentra- 
tion was no greater than that of most of the un- 
saturated lactones. 
active. Tertiary butyl hydroperoxide was con- 
siderably more active than any other compound 
tested at a concentration of 1: 1,000. 

3. Because of the nature of the results and the 
problems inherent in evaluating them, it was not 
possible to conclude to what, if any, degree the 
activity of the lactones is related to peroxide 
formation. 


Ouabain was only slightly 
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Synthesis and Biotesting of Metallic Surfactants* 


By JACK N. BONE and DAVID W. O'DAY 


The silver, mercury, lead, zinc, copper, and iron salts of lauryl sulfate, dioctyl sulfo- 
succinate, and isopropylnaphthalene sulfonate have been made. The activity of these 


has been determine 
ginosa, and Trichophyton mentagrophytes. 


against Micrococcus pyogenes var. aureus, Pseudomonas aeru- 
The activity of the copper, iron, zinc, and 


lead salts of the surfactants against the bacteria was increased over the activity of 


their corresponding chlorides, nitrates, or sulfates. 
in the mercury and silver surfactants against the bacteria. 


There was a decrease in activity 
The antifungal activity of 


all six metals was increased in the form of the surfactant salts as compared with their 


corresponding chloride, nitrate, or sulfate salts. 


Of the three surfactants used, the 


alkyl sulfate appeared to increase the activity of iron, mercury, and silver more than 


the other two against Micrococcus aureus. 


The alkyl sulfate salts of mercury and 


silver were more active against Trichophyton mentagrophytes than the same salts of the 
other two surfactants. 


T= Activity of metals, such as mercury, 

silver, lead, copper, zinc, and iron, against 
bacteria and fungi is well known (1, 2). The 
antibacterial and antifungal properties of sur- 
face-active agents have been studied in great 
detail, the 
Since 1935 literally hundreds of these 


especially cationic surface-active 
agents. 
have been synthesized and their activity against 

Although the 
much more at- 
tention than the anionic surface-active agents, 
numerous antibacterials anti- 
fungals found in the latter type (3-5). This 
knowledge led us to investigate the possibilities 


bacteria and fungi examined. 


cationic agents have received 


there are and 


of preparing metallic salts of several anionic 
surface-active agents and of determining their 
antibacterial and antifungal properties. There 
is a rather extensive list of papers dealing with 
the preparation of and bacteriologic effects of 
anionic surface-active agents, but most of these 
pertain to the sodium, potassium, or ammonium 
salts. There is very little published work de- 
scribing the preparation of other metallic or 
metallic-like salts of surfactants (6, 7) and very 
little, if any, describing their antibacterial and 
antifungal properties. 

The purpose of this work was two fold; the 
preparation of metallic salts of various anionic 
surface-active agents, and the determination of 
their antibacterial and antifungal properties. 


EXPERIMENTAL 


Preparation of the Salts._-The metals selected for 
this investigation were silver, mercury, lead, zinc, 
copper, andiron. The surface-active agents selected 
to be used in the preparation of these metallic salts 


* Received April 25, 1958, from the University of Wyoming, 
College of Pharmacy, Laramie 

This project has been supported in part by a grant from 
the National Institute of Allergy and Infectious Diseases of 
the National Institutes of Health, Public Health Service, 
Research Grant No. E-1344. 


were sodium lauryl sulfate, U. S. P.;' sodium 
dioctyl sulfosuccinate;? and sodium  isopropyl- 
naphthalene sulfonate.* The above metallic salts 
of the alkyl sulfate were prepared by a modification 
of a method suggested by Lottermoser and Stoll 
(7). The U. S. P. grade sodium laury! sulfate was 
dissolved in 95°, ethanol and filtered to remove the 
excess sodium sulfate, the alcoholic solution then 
being evaporated to dryness. The sodium alkyl 
sulfate was dissolved in distilled water and barium 
chloride solution added to precipitate barium 
alkyl sulfate. This was removed by filtration, 
washed with distilled water, and dried. The metallic 
salts were prepared by refluxing together barium 
alkyl sulfate and the appropriate metallic sulfate 
in 95° ethanol for twenty-four hours, The 
mixture was filtered, and the filtrate evaporated to 
dryness. The metallic alkyl sulfates were recrys- 
tallized from 95°% ethanol, washed with benzene, 
and recrystallized again from 95°) ethanol. 

The metallic salts of dioctyl sulfosuccinate and 
isopropylnaphthalene sulfonate were prepared by a 
method suggested by O'Donnell (8), in which the 
sodium salts of these surfactants, after being dis- 
solved in 95° ethanol at approximately 5°, were 
treated with cold 40°) sulfuric acid and the mixture 
allowed to stand in an ice bath for one hour, The 
precipitated sodium sulfate was filtered off and the 
filter cake was washed twice with small portions of 
cold alcohol. The proper metallic oxide, hydrox- 
ide, or carbonate was added and the mixture stirred 
while keeping cooled to 10°. Although the sug- 
gested reaction time was three hours, better yields 
were obtained by keeping the mixture at 10° from 
twenty-four to forty-eight hours. The excess 
oxide, hydroxide, or carbonate was filtered off and 
the filtrate evaporated to dryness. 

Antibacterial Determination..-Two 
isms were used, the Gram-positive 
pyogenes, var. aureus, F. D. A. strain No. 209 
(American Type Culture Collection No. 6538) 
and the Gram-negative Pseudomonas aeruginosa, 
A M S§ strain 25-A-2 (ATCC No, 8709). The 


test organ- 
Micrococcus 


' Duponol C, E. I. du Pont de Nemours and Co., Wilming- 
ton 98, Del 

? Aerosol OT, American Cyanamid Co 
Division, Chicago 18, Ill 

* Aerosol OS, American Cyanamid Co 
Division, Chicago 18, Ill. 
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Reddish method (9) of testing antiseptics was used, 
except that sodium chloride was omitted from the 
nutrient broth. When the test culture grown in 
the nutrient broth containing sodium chloride was 
added to a solution of the silver salts of the sur- 
factants, a white precipitate was formed, In 
order to use the test organisms grown in similar 
media for all tests, the sodium chloride was omitted 
from the nutrient broth. Reactions of the organ- 
isms to various aqueous dilutions of the metallic 
surfactants were tested at 37°. The result shown 
in Tables I, II, and III are averages of four or more 
determinations and give the maximum dilution 
killing in five minutes or less, the maximum dilution 
not killing in five minutes but killing in ten min- 
utes, and the strongest concentration which would 
not kill in fifteen minutes. In some instances, 
these could not be determined. As a comparison, 
the sulfate, chloride, or nitrate salts of these metals 
were tested against M. aureus and Ps. aeruginosa. 
The results are shown in Table IV. 


TABLE I 


M. aureus 
Minutes 

Dilution 10 
1,000 
2,000 
4,000 
3,000 
4,000 
5,000 
10,000 
16,000 
20,000 


++ 


Iron 


Mercury 


4+) 


6,000 
8,000 
200 
300 
400 


Zinc 


Lead 


Sodium 


1: 
l 
l: 
1 
Silver 1:4,000 
1: 
1: 
1 
l 
l 
l 
a 
a3 


| 
| 


No growth. + Growth 


ANTIBACTERIAL ACTIVITY OF 
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Antifungal Determination.—-The test organism 
used was Trichophyton mentagrophytes, ATCC 
No. 9533, strain No. 640. A slight modification of the 
Burlingame and Reddish (10) test method was used 
The test organism to be used was grown on Sa- 
bouraud’s agar for five days at 28° + 2°. The 
organism was then streaked over the entire surface 
of Sabouraud’s agar (20 cc.) in a 9-cm. Petri dish 
by means of a sterile cotton swab inoculated with 
the test culture. These pla‘ es were incubated at 28° 
+ 2° for five days, then cut into disks 1 cm. in diam 
eter by means of a sterile cork borer. One disk 
was removed as a control, then the surface of the 
culture was flooded with 20 cc. of the solution or 
suspension (25°) to be tested. At the end of each 
five, ten, or fifteen-minute test period, one of the 
disks was removed and placed in 10 cc. of sterile, 
distilled water. The solution 
washed from the disk by gentle agitation during a 
two-minute period. The culture disk was removed 
from the wash water and placed, with the culture 


excess test was 


MerAttic SALts oF ALKYL SULFATE 


Ps. aeruginosa 
Minutes 
Dilution 5 10 


= 
300 - 
400) 

:300 

400 

10,000 

14,000 

16,000 

1,000 

:2,000 

4,000 

200 

300 

200 

300 

400 


20 


Tasie Il.—ANTIBACTERIAL Activity OF METALLIC SALTS OF SULFOSUCCIN: 


— M. aureus 
Minutes 
Salt Dilution 10 
Copper :1,300 
71,400 
:1,500 
:900 
21,000 
, 200 
, 200 


+ 


Iron 


+ 
Mercury 


Silver 


Zinc 
Lead 
Sodium 


+ i ++i tsi 


Ps. aeruginosa 
Minute 
10 


Dilution 
500 
800 
400 
500 
600 
:1,500 
71,600 
:1,800 
-100 
200) 
300 


+ 


++ 1 ++ 


++) 


* — No growth + Growth. 6 Insoluble in water 


a Salt 15 15 
l 
+ l 4 
l 
j + + + 
a + + 
= 
+ + 
aah 
| 
1,600 + + + + 
= 5,000 + + | + + 4 
100 + + + + 
4 
20 + + + 
j 


November 1958 


Taste III 
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ANTIBACTERIAL AcTIVITY OF METALLIC SALTS OF 


[SOPROPYLNAPHTHALENE SULFONATE 


aureus 
Minutes 
Salt 10 


Copper 


Dilution 
1: 800 
1:1,000 
1:1,200 
Iron 1:700 
1: 800 
1:1,000 
Mercury 
Silver 1:3,000 
1:4,000 
1:5,000 
Zine 1:200 
1:300 
1:500 
Lead 
Sodium 1:20 


* — No growth + Growth. 6 Insoluble in water 


TABLe IV. 


aureus 


Salt Dilution 5 


Copper sulfate 


-Minutes 
10 


Ferrous sulfate 
Ferric sulfate 


Mercuric chloride 


1:16,000 
1:32,000 
1:64,000 
Silver nitrate a: 
l 
l 
l 
l 


8,000 
12,000 
20,000 
5O 
50 


Zinc sulfate 
Lead chloride 


* — No growth + Growth 


side down, on the surface of Sabouraud’s agar in a 
Petri dish. These dishes were inverted, incubated at 
28° + 2°, and observed for growth for a maximum 
of three weeks. The results shown in Table V 
are averages of four or more determinations, and 
give the maximum dilution killing in five minutes 
or less, the maximum dilution not killing in five 
minutes but killing in ten minutes, and the strongest 
concentration which would not kill in fifteen min- 
utes. In some instances, these could not be deter- 
mined. As a comparison, the sulfate, chloride, or 
nitrate salts of these metals were tested against 7r. 
mentagrophytes. The results are shown in Table VI. 


DISCUSSION 


Reddish (1) states that ‘‘the information desired 
is the concentration of the antiseptic required to kill 
M. pyogenes var. aureus under the conditions of the 
test within five minutes. If a preparation does not 
pass this test within this time period, it is not 
sufficiently germicidal to be classified as an anti- 
septic. Those preparations that do pass the test 
within five minutes or less, must then be submitted 
to further study under practical and clinical condi- 
tions.”’ 


Ps. aeruginosa 
Minutes 
Dilution 10 


1:200 
1:300 
1:400 
1: 100 


ANTIBACTERIAL AcTIVITY OF SULFATE, CHLORIDE, OR 
NITRATE 


METALLIC SALTS 


Ps. aeruginosa 
Minutes 
Dilution 


200 
200 
16,000 
25,000 
64,000 
8,000 
14,000 
30,000 


| 
| 
| 


Using the above criterion in this “screening test,” 
the resuits show that copper sulfate in a 2; solution 
does not exhibit antibacterial activity but does show 
such activity in the form of copper dioctyl sulfo- 
succinate in a 1:1,300 solution against MW. aureus 
and 1:300 solution against Ps. aeruginosa. Ferrous 
sulfate and ferric sulfate in a 2°) solution did not kill 
VW. aureus, but the iron alky! sulfate was effective in 
a 1:3,000 solution. Two per cent ferrous sulfate 
solution was inactive against Ps. aeruginosa, while a 
1°% ferric sulfate showed activity. The iron salt of 
dioctyl sulfosuccinate was effective in a 1:400 con- 
centration. A 2°; solution of zine sulfate did not 
kill either organism, but in the form of alkyl sulfate 
did kill both organisms in a 1:200 concentration. 
The same results as with the zinc were obtained in 
comparing lead chloride and lead alkyl sulfate. 
The lead salts of diocty! sulfosuccinate and isopro- 
pylnaphthalene sulfonate were water insoluble and 
of such form that uniform suspensions could not be 
produced in distilled water. Mercury in the chlo- 
ride salt and silver in the nitrate salt were more 
effective than in the surfactant salts against both 
organisms. Mercury isopropylnaphthalene sulfo- 
nate was water insoluble and of such form that a 
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T T 1:4,000 + 4. 
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TABLE V.--AcTIviITy OF METALLIC SURFACTANTS AGainst Trichophyton mentagrophytes 


Alkyl Sul fate 
Minutes 
Salt Dilution 10 
Copper :20 
Iron :20 
100 
Mercury 100 
200 
300 
Silver :100 
:150 
Zine :20 


+++ | 


Lead 20 

100 
Sodium :20 


+ + 
+ 


+++ | 


Dioctyl Sul fosuccinate 


Dilution 


lsopropyinaphthalene Sul fonate 
Minutes Minutes 
Dilution 10 
1:20 
1:50 
1:100 
1:20 


FEI ++ 1 


“ — No growth + Growth. +6 Insoluble in water. 


Taste VI.—Activity oF CHLORIDE, 
NITRATE, OR SULFATE SALTS AGAINST 
Trichophyton mentagrophytes 


) 


Minutes 
Salt Dilution 10 
Copper sulfate :20 
Ferrous sulfate :20 
Ferric sulfate 20 
Mercuric chloride 100 
:250 
Silver nitrate 5O 
: 100 


Zinc sulfate 
Lead chloride 


5 
+ 
+ 
+ 
A. 
+ 


+++ 1+ 


* — No growth + Growth 


uniform aqueous suspension could not be made 
Five per cent sodium alkyl] sulfate solution exhibited 
activity against M. aureus, but not against Ps. 
aeruginosa. Five per cent sodium dioctyl sulfosuc- 
cinate and 5°, sodium isopropylnaphthalene sul- 
fonate solution were ineffective against both or- 
ganisms. 

In comparing the effectiveness of each of the three 
surfactants to potentiate the antibacterial activity 
of the metals, a study of the results showed very 
little difference between the three, with the excep- 
tion of iron alkyl sulfate, which had considerably 
more activity against M. aureus than the other two 
iron surfactant salts. Although the alkyl sulfate did 
not potentiate mercury and silver activity, the alkyl 
sulfates of these two metals were more active than 
the other mercury and silver surfactant salts 

The antifungal test used was one of the most rigid 
in vitro tests employed in that a five-day-old culture 
was used. The growing fungus is killed rather than 
having its growth retarded as is done in some of the 
other tests. Exposure to 5°) aqueous solutions of 
copper sulfate, ferrous sulfate, ferric sulfate, and 
zine sulfate for five minutes at 25° did not kill 
Trichophyton mentagrophytes'| One per cent mer- 
curic chloride, 2“, silver nitrate, and 1°; lead chlo- 
ride did not kill the fungus either. Five per cent 
aqueous solutions or suspensions of the copper, iron, 


zinc, and lead salts of one or more of the surfactants 
did kill the fungus after five minutes of exposure at 
25°. One per cent aqueous solutions of mercury 
and silver alkyl sulfate also killed the organisms. 

No appreciable difference was noted between the 
three surfactants to potentiate the antifungal ac- 
tivity of the metals with the exception of alkyl sul- 
fate salts of mercury and silver. These appeared 
to have more activity than the corresponding salts 
of the other two surfactants 


SUMMARY 


1. Silver, mercury, lead, zinc, copper, and 
iron salts of lauryl sulfate, dioctyl sulfosuccinate, 
and isopropylnaphthalene sulfonate have been 
made. 

2. When tested in vitro against M. pyogenes 
var. aureus and Ps. aeruginosa, the copper, iron, 
zinc, and lead salts of these surfactants were 
more active than the corresponding chloride, 
nitrate, or sulfate salts. There was a decrease in 
activity in the mercury and silver surfactants 
against the bacteria as compared with mercuric 
chloride or silver nitrate. 

3. The antifungal activity of all six metals in 
the form of the surfactant salts, when tested in 
vitro against Trichophyton mentagrophytes, was 
increased over the activity of their corresponding 
chloride, nitrate, or sulfate salts. 

4. No appreciable difference was noted be- 
tween the three surfactants to potentiate the 
antibacterial or antifungal activity of the metals 
with the exception of the iron alkyl sulfate being 
more active against \/. pyogenes than the same 
iron salts of the other two surfactants It was 
observed also that, although the alkyl sulfate did 
not potentiate mercury and silver over mercuric 
chloride or silver nitrate, the alkyl sulfate salts of 
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+ :100 
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:100 + 4 
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+ +} + 1: 100 + + 
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1: 100 + 
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these two metals were more active against M. 
pyogenes than the same metallic salts of the other 
two surfactants. The alkyl sulfate salts of 
mercury and silver were also more active against 
the fungus than the same metallic salts of the 
other two surfactants. 
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The Synthesis and Proof of Structure of 
N-Alkylated Oxadiazolones* 


By HENRY C. CALDWELL}, ROBERT J. SEIWALDt, and 
J. H. BURCKHALTER 


The synthesis of seventeen 4-dialkylamino- 

alkyl-2-aryl-A*-1,3,4-oxadiazolin-5-ones from 

2-aryl-A*-1,3,4-oxadiazolin-5-ones is pre- 

sented. Assignment of the structures of 
these compounds is discussed. 


p= the past decade, many aryl hydrazides 

have been prepared for evaluation as tuber- 
culostats. It was recently demonstrated that 
the oxadiazolone derived from isonicotinic acid 
hydrazide (INH) and phosgene was more effective 
as an antituberculous agent in vivo than INH 
(i, 2). 
to suggest 


Further, evidence has been presented 
that iproniazid, 
isopropylhydrazine phosphate 


1-isonicotinyl-2 
(Marsilid phos- 
phate), is an effective hypotensive agent (3), 
and it is 
energizer. 


also recommended as a_ psychic 


In view of the interesting activities 
exhibited by hydrazides and the closely related 
oxadiazolones, the preparation of disubstituted 
oxad.azolones (II) for evaluation as pharmacody- 
namic and chemotherapeutic agents became of 
interest. 


oO. As Ar Os Ar 


R,N—(CH:2)n 
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The parent oxadiazolones (I) were readily ob- 
tained by treating the appropriate aryl hydrazide 
with an excess of phosgene (2). The resulting 
product, 2-aryl-A*-1,3,4-oxadiazolin-5-one (1), is 
in tautomeric equilibrium with 2-aryl-5-hydroxy- 
1,3,4-oxadiazole. It is evident, therefore, that 
the anion (III) derived from this compound could 
vield a mixture of two products (IV and V) when 
subjected to electrophilic attack by alkyl halides. 
Anions similar to III, which possesses two 
different reactive positions, have been named 
ambient anions by Kornblum (4). In general, 
silver salts strongly favor O-alkylation whereas 
alkali metal salts give N-alkylated products. 

Silver oxide, potassium carbonate, and sodamide 
were allowed to react with the oxadiazolone I 
(Ar=CsH;). When the salts were treated 
separately with 8-dimethylaminoethyl chloride, 
only one product was isolated and the same mate- 
rial was obtained in all cases. Table I sum- 
marizes the result. 

Table I indicates that the N-alkvlated com- 
pound IV was obtained. An infrared absorption 
spectrum verified these results, since a strong 
carbonyl peak was observed at 1770 cm.~!. 
These findings are consistent with those of Korn- 
blum. Further support for N-alkylation was 
afforded by a 66 per cent yield of II (Ar= phenyl, 
n=3) from y-dimethylaminopropyl chloride, 
sodamide, and the oxadiazolone. 


TABLE | 


Metallic Base 
Silver oxide 
Potassium carbonate 
Sodamide 


HN—N = |,2.3 
I II 
Yield 
6 
5O 
76 


Ar Oo 


O 


(CH;)N N 


A series of 15 Mannich bases (Table II) were 
prepared by treating the appropriate oxadiazolone 
with formalin and various secondary amines. 
When the secondary amine was piperazine, the 
product had the general structure VIb.' 

When the aryl group is p-hydroxyphenyl, the 
Mannich side chain might be expected to enter 
either the carbocyclic or the heterocyclic ring 
giving either VIII or IX. Conceivably, both 
VIII and IX could be prepared by the Mannich 
reaction using VII under different experimental 
conditions. The Mannich base of phthalimide, 
which is similar to LX, was prepared by Hellmann 
and Loschmann (6) by allowing the reactants to 
stand for one hour at room temperature. Under 
the same conditions, a substance of m. p. 209-210° 
was obtained and presumed to be IX. Mannich 
bases from a number of phenols were prepared 
by Burckhalter, et al. (7), by dissolving the react- 
ants in alcohol and heating at refluxing tempera- 
tures on the steam bath for several hours. When 
these conditions were employed, a product of 
m. p. 212-213° was obtained and tentatively 
assigned the structure VIII. A mixed melting 
point of the two products showed no depression. 
It is evident, therefore, that the same substance 
was formed in both reactions. 

Since it has been demonstrated that methylene 
diamines, which are similar to VI, are susceptible 
to acid hydrolysis (8), one would expect that IX 
might be converted to the starting materials by 
the action of dilute hydrochloric acid. Hence, a 
saiuple of the solid of m. p. 212-213° was sus- 
pended in distilled water, and dilute aqueous 
hydrochloric acid was added with shaking until 
the solution was acidic to litmus. Most of the 
solid went into solution. When the solution was 
heated, a copious precipitate was obtained, m. p. 
272-273°. A mixed melting point with the 
parent oxadiazolone VII showed no depression. 
This suggests that LX and not VIII was the prod- 
uct of both reactions, for the carbon to carbon 
bond of LX would presumably be stable under 
these conditions. 

Since the heterocyclic ring was preferentially 
attacked, it was of interest to treat one equiv- 
alent of oxadiazolone VII with two equivalents 


1 After the completion of our studies, it was found that 
Dornow and Liipfert had prepared three compounds of the 
same type for tuberculostatic tests (5). 


JOURNAL OF THE AMERICAN PHARMACEUTICAL ASSOCIATION 


Vol. XLVII, No. 11 


-Ar (CH;)N (CHe)s Oo. AD Ar 


N N N 
IV 


of formalin and morpholine to determine whether 
the disubstituted Mannich base X could be ob- 
tained. Following the method of Burckhalter, 
et al. (7), the reactants were heated at reflux 
temperature for five hours. There was obtained 
a white product, m. p. 209-210°. A mixed 
melting point with the monosubstituted Mannich 
base IX showed no Thus, the 
aromatic ring did not undergo substitution under 
forcing conditions. 

It has been demonstrated by other workers 
(8-11) that Mannich bases of this general type 
will rearrange or react with certain other sub- 
stances to form more stable products. The pos- 
sible rearrangement, then, of IX to VIII was of 
interest. Mannich base IX was dissolved in 
alcohol and the solution was heated at reflux 
temperature for twelve hours. All the starting 
material was recovered. When the foregoing 
experiment was repeated with the addition of two 
drops of dilute hydrochloric acid, starting mate- 
rial IX was recovered. 

During the course of the preparation of the 
Mannich bases (Vla), it was desirable to syn- 
thesize the analogous hydroxymethyl compound 
(XI). Heating I (Ar=phenyl) with an equiv- 
alent amount of formalin in dilute acetic acid 
gave XI in 70% yield. Repeated recrystalliza- 
tion from alcohol resulted in decomposition as 
noted by a gradual lowering of the melting point. 

Pharmacological Results.—4-(3-Dimethy]l- 
hydrochloride (II) demonstrated hypotensive ac- 
tivity in the perinephritic rat when administered 
orally but it was insufficient for further interest. 
The same compound, as well as its y-dimethy]- 
aminopropyl homolog, was inactive in 
against M. tuberculosis. 

Compound 7 of Table II exhibited in vitro 
activity against M. tuberculosis but it was only 
about '/a that of isoniazid, while compounds 
6 and 8 were inactive. 


depression. 


vitro 


EXPERIMENTAL? 


2-Phenyl- A*- 1,3,4-oxadiazolin-5 - one. Wilder 
Smith prepared this substance, but he gave no ex- 
perimental details (2). A solution containing 5 Gm. 
(0.036 mole) of benzoylhydrazide (13) in 80 ml. of 
dioxane was slowly dropped into 50 ml. of dioxane 


2 Melting points are uncorrected. 


q 
er 
pat q 
a 
ie 
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November 1958 


Tassie Il 


M. P..* 


Aryl Group 
Pheny! 129-130 
Phenyl 112-113 
Pheny! 97-98 
Pheny! 257 

Pyridy! 170.5 
Pyridyl i44 
Pyridyl 243 
Pheny! 
4-quinoly! 
Phenyl 
4-quinolyl 
Phenyl! 
4-quinoly! 
Phenyl 
4-quinoly! 
4 Hydroxypheny!? 209 
4-Hydroxyphenyi 179 
4-Hydrotyphenyl! 173 
4-Hydroxypheny! 251 


Amino Group 
4-Morpholiny! 
1-Methylpiperaziny! 
Dimethylamino 
Piperazinyl!® 
4- Morpholiny! 
1-Methylpiperaziny! 
Piperaziny!‘ 
4-Morpholiny! 


1-Pyrrolidy! 
1. Methylpiperaziny! 
Piperaziny!® 


4-Morpholiny! 
1-Methylpiperaziny! 
1-Pyrrolidiny! 
Piperaziny!® 
* Melting points are uncorrected. 6 Ref. 5 gives 03 
oxadiazolone, see ref. 12 * Analysis corresponds to 


oO oO Ar 
+ CH.O + 


which had previously been saturated with phosgene 
Phosgene (HOOD) was continuously bubbled into 
the reaction mixture. The addition of the hydra- 
zide required thirty minutes. Phosgene was bub- 
bled into the solution for an additional fifteen min- 
utes. The solvent and excess phosgene were then 
removed wnder reduced pressure. The product was 
recrystallized either from hot water or benzene- 
Skelly B. After drying, 5 Gm. (85° yield) of 
white solid, m. p. 137-138°, was obtained. Wilder 
Smith reported m. p. 138°. 


Screntiric EpIrion 


DIALKYLAMINOMETHYL-2-ARYL-A?-1,3,4-OX ADIAZOLIN-5-ONES 


Analyses 
Yield, Cc H 
% Formula Caled Found Caled Found 
70 59.76 5.79 8&3 
75 30 5. 61 5. fo 
Cy 26 5.98 03 
82 5.11 5.26 
56.71 7 23 36 
is 5 vl 


v7 3 
57.92 
98 76 
o6 6 


© For structure, refer to general structure Vib. ¢ For intermediate 


Ar 


HNR 


HO—CH,;—N 


XI 


2 -(4- Pyridyl) - A? - 1,3,4 - oxadiazolin - 5 - one. — 
Wilder Smith prepared this substance but gave no 
experimental details (2). A solution of 9.6 Gm. 
(0.07 mole) of isonicotinic acid hydrazide in 90 ml. 
of 3°) aqueous hydrochloric acid was cooled in an 
ice bath and a stream of phosgene was passed 
through for thirty minutes. A copious precipitate 
of amine hydrochloride was isolated by filtration 
and the process was repeated. The salt was dis- 
solved in a minimum amount of water, neutralized 
with potassium carbonate, and filtered. There 
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No 
1 
8 
9 5 92 ¢ 
il 93 
56.63 5.22 
57.90 6.25 6.31 
59.36 5.79 5.70 
55.75 4.76 5.35 
— 
HN N R:N—CH,—N N 
I Via 
Ar AD .O oO oO Ar 
N N—CH:—N N—CH:—_N N 
Vib 
OH OH . OH 
CH, 
HN N HN N oO N—CH.-—-N N 
Vil Vill IX 
OH 
O 
©) N O \ 
CH, 
oO N 
X |__| 
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was obtained 10.5 Gm. (92°, yield) of a cream- 
colored product, m. p. 270-272° (lit. 265°) 

2 - (2 - Phenyl - 4 - quinolinyl) - A* - 1,3,4 - oxadi- 
azolin-5-one..-A warm mixture of 10 Gm. (0.038 
mole) of 2-phenyleinchoninic acid hydrazide (14) 
and 200 ml. of dioxane was slowly added to 50 ml. of 
dioxane which had previously been saturated with 
phosgene. A heat lamp was placed near the drop- 
ping funnel to prevent crystallization of the 
hydrazide. The addition required thirty minutes 
and phosgene was passed into the reaction mixture 
for fifteen minutes longer. The solvent and excess 
phosgene were then removed under reduced pres- 
sure. The product was recrystallized from 80% 
alcohol. There was obtained 9.1 Gm. (83°; 
yield) of a white solid, m. p. 233.5-234.5°.  An- 
other recrystallization from dilute alcohol gave the 
analytical sample, m. p. 234-234.5°. 

Anal Caled for CrHyNO:: al 70.58; H, 3.83. 
Found: C, 70.40; H, 3.96. 

4-(8-Dimethylaminoethy] )-2- phenyl - - 1,3,4- 
oxadiazolin-5-one Hydrochloride..(A) To a solu- 
tion of 16 Gm. (0.011 mole) of 8-dimethylamino- 
ethyl chloride hydrochloride (15) in a minimum 
amount of water, concentrated sodium hydroxide 
was added. The mixture was extracted with three 
different portions of benzene, and the combined 
extract dried over anhydrous potassium carbonate 
(15). (B) A mixture of 1.62 Gm. (0.01 mole) of 
0.41 Gm. (0.011 
mole) of sodamide, and 70 ml. of dry benzene was 
stirred and heated at refluxing temperature for two 
hours for the formation of the sodium salt of the 
oxadiazolone. The solution prepared in Part A 
was added slowly. Stirring and refluxing were con- 
tinued for nineteen hours. The mixture was 
cooled and the solid sodium chloride was separated 
by filtration. The hydrochloride was prepared by 
treating the benzene solution with excess hydro- 
gen chloride. After cooling overnight, there was 
obtained 2.4 Gm. (76°) yield) of a white solid melt- 
ing at 185-190°. After three recrystallizations from 
absolute alcohol, an analytical sample melted at 
209-210°. 

Anal.—Caled. for C, 
H, 5.98. Found: C, 53.09; H, 6.11. 

4 - (y - Dimethylaminopropyl) - 2 - phenyl - A*- 
1,3,4-oxadiazolin-5-one Hydrochloride.—-Adhering 
to the foregoing procedure, 3.24 Gm. (0.02 mole) of 
2-phenyl-A*-1,3,4-oxadiazolin-5-one, 3.8 Gm. (0.024 
mole) of y-dimethylaminopropyl chloride hydro- 
chloride and 0.82 Gm. (0.022 mole) of sodamide gave 
3.9 Gm. (66° yield) of white product, m. p. 163 
164°. After two recrystallizaticns from acetone- 
Skelly B, an analytical sample meltea at 167-169.5°. 

53.33; H, 6.54. Found: C, 53.31; H, 6.56. 

4 - Dialkylaminomethyl - 2 - aryl - A* - 1,3,4- 


53.43; 
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oxadiazolin-5-ones (Table II)..-These compounds 
were prepared by the general procedure of suspend- 
ing the oxadiazolone in absolute alcohol and adding 
equivalent amounts of the amine and formalin with 
stirring. The reaction mixture became warm and 
usually complete solution was effected. The mix- 
ture was allowed to sit at room temperature for one 
hour. Most of the products were recrystallized 
from alcohol. However, in certain cases where 
they were insoluble in the common solvents, analyti- 
cal samples were prepared by suspending the prod- 
ucts in boiling alcohol in an effort to dissolve the im- 
purities. The suspension was filtered and the solid 
was dried at room temperature. 

4 - Hydroxymethyl - 2 - phenyl - A* - 1,3,4- 
oxadiazolin-5-one (XI).--The following procedure is 
similar to the method employed by Burckhalter, 
Stephens, and Hall (16) for the preparation of the 
hydroxymethy! derivative of benzotriazole. A mix- 
ture of 1.62 Gm. (0.01 mole) of 2-phenyl-A*-1,3,4- 
oxadiazolin-5-one, 0.8 ml. (0.01 mole) of 40° for- 
malin, 3 ml. of glacial acetic acid, and 4 ml. of water 
was heated on the steam bath for thirty minutes 
The product, which precipitated from the hot solu- 
tion , was dried to give 1.35 Gm. (70°, yield) of white 
solid melting at 159-161°. An analytical sample, 
prepared by two recrystallizations from alcohol, 
melted at 157-159°. 

The reaction was repeated 
acetic acid was omitted. The product was re- 
crystallized from alcohol. A mixed melting point of 
the two products showed no depression 

Anal.—Caled. for CsH,N,O;: C, 56.25; 
Found: C, 56.14; H, 4.31 


as above, but the 


H, 4.19 
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The Effects of Atropine and 
2,4-Dichlorophenoxyacetic Acid on Leaf Alkaloid 
Accumulation in Certain Members of the Solanaceae* 


By LEO A. SCIUCHETTI* and H. W. YOUNGKEN, Jr. 


Toxic concentrations of atropine and 2,4-dichlorophenoxyacetic acid were adminis- 
tered to Datura stramonium and Lycopersicon esculentum. ‘The atropine in concen- 
trations of 0.25 and 0.1 per cent was administered by addition to the culture media 


and the 2,4-D (0.01 per cent solution) was sprayed on the leaves. 
growth responses were induced in both plants. 


Characteristic 
Significant increases in the leaf 


accumulation of alkaloids were also induced in both species by the atropine treat- 
ments, and the effects of 2,4-D on this alkaloid accumulation are described. 


T= ADDITION of large amounts of atropine sul- 
fate to culture media of Datura stramonium 
has been shown to retard growth (1, 2). On the 
other hand, smaller quantities (less than 0.01 
per cent) had no effect on growth or alkaloid for- 
mation (2). The influence of 2,4-D and other 
compounds on the growth and alkaloid formation 
in certain members of the Solanaceae family have 
similarly been observed (2-7). In general, vary- 
ing results have been reported regarding alkaloid 
accumulation when plants have been treated with 
2,4-D. 

The purpose of this investigation was to deter 
mine the accumulation of atropine by Datura 
stramonium and Lycopersicon esculentum when 
large amounts of this alkaloid are added to culture 
substrates and plants are under the effects of 
2,4-D. It would seem that the effects on accumu- 
lated alkaloid under these conditions might reveal 
more clearly a change if the alkaloid chemistry 
was affected by the growth regulator. 


EXPERIMENTAL 
Arrangement Dusing Growth and Treatment. 


Healthy Stramonium plants ( Datura stramonium L. ) 
and tomato plants (Lycoperiscon esculentum var 
Bonnie Best, originator—George W. Middleton) 
were grown from seed in soil under greenhouse con- 
ditions. Upon reaching approximately 15 cm. in 
height, these were carefully transplanted to nutrient 
culture media in 1.5-L. wide mouth bottles. The 
culture medium consisted of a modified formula of 
Hoagland (8). Chemically pure reagents consist- 
ing of the following formula were employed in prepar- 
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ing the culture media: 0.005 M Ca(NO;)o, 0.005 M 
KNO,, 0.002 MW MgS0O,, 0.001 M KH,PO,, 0.00002 
M ferric 0.00005 M 
H,;BO,, 0.00001 M MnCl.-4H,0, 0.000001 M ZnCh, 
and 0.0000003 M CuClh-2H,O. The culture media 
were continuously aerated from an airline during 
the experiments. When transplanted to the culture 
media the Datura seedlings were about forty days 
old, calculated from the date of germination, while 
the tomato seedlings were about twenty-three days 
old. The pH of the freshly prepared culture solu- 
tion was 5.2. During the growth period the old 
culture solution, the pH of which from random 
sampling averaged less than 7.0, was completely re- 
placed at weekly intervals with a fresh Hoagland’s 
solution. Excellent growth resulted 

At the start of the treatment period the Datura 
plants were at the flowering stage of growth and were 
sixty-three-day-old seedlings which had been grown 
in hydroponic culture for twenty-three days. Like- 
wise, the tomato plants had reached the flowering 
stage and were forty-seven-day-old seedlings which 
had been grown in hydroponic culture for twenty- 
four days. Forty-four plants of each species were 
divided into 12 sets of two or four plants. Half of 
the plants were harvested at the end of three days of 
treatment; the remainder at the sixth day. All 
plants were grown in | L. of culture medium. 

The concentration of chemicals in the media dur- 
ing the treatment period was one-half that employed 
during the growth period. Those plants treated 
with atropine had the designated concentration 
(0.25 or 0.1°)) of atropine sulfate dissolved in the 
Hoagland’s solution. The plants treated with 2,4-D 
were removed to another room at zero time and the 
leaves and tops of the plants were thoroughly 
sprayed with a 0.01°, 2,4-D solution. After the 
spraying period they were brought into the green- 
house and separated from those plants not receiving 
a2,4-D spray treatment. Since the desired response 
from 2,4-D had not been attained with tomato at the 
end of seventy-two hours, these were further treated 
at that time by the application of two drops of a 
0.1% 2,4-D sodium solution to the growing tips of 
each plant. 

The culture solutions for all plants were then 
changed every forty-eight hours. The volumes of 
the used culture media were measured and 30 ml. 
aliquots were saved from those containing atropine. 
One-tenth ml. of formalin was added to each aliquot 
and these were placed in 30-ml, bottles for storage 
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in a refrigerator until subsequent analysis for atro- 
pine. 

Plant Responses Induced by the Various Treat- 
ments.—-Characteristic responses were induced in 
both Datura and tomato by the six-day treatment 
with 0.25% atropine. These of severe 
leaf wilt and droopiness, leaf roughening, loss of 
lower leaves, and darkening of the roots. White 
root tips were absent. The degree of injury was 
much less pronounced at the 0.1°) atropine concen 
tration, suggesting that the amount of damage was 
related to concentration. The atropine effect ap- 
peared to be more severe in the leaves and tops of 
tomato. Further, an additional atropine effect ap- 
peared in tomato. This manifested itself a 
characteristic necrotic condition of the leaf tissue 
Oval darkened areas varying in diameter from 0.1 to 
2.0 mm. appeared on many of the larger leaves as 
well as on some of the stems of tomato 

Stem epinasty, leaf curl, leaf roughening, and in 
some isolated cases, some stem swelling and blanch 
ing were observed. The toxic effects of 2,4-D on the 
leaves and stems of Datura in general were similar to 
those previously reported by Tsao and Youngken (2) 
and Youngken (4). 

In general, both types of injury, though less 
extensive, were induced in Datura and tomato by 
the combined 2,4-D and atropine treatment. Al- 
though the 2,4-D effect was the first to be observed 
(within twenty hours), the atropine effect (noted at 


consisted 


as 


TABLE I 


Treatment 
Three-day set 
Control 
2,4-D 0.01% 
Atropine 0.1% 
Atropine 0.25%, 
Atropine 0.1% + 2,4-D 0.01°, 
Atropine 0.25°;, 4- 2,4-D 0.01% 


x-day set 
Control 
2,4-D 0.01% 
Atropine 0. 1°; 
Atropine 0.25%, 
Atropine + 2,4-D 0.01%, 
Atropine 0.25% + 2,4-D0.01° 


1 
HE 


TABLE II 


Treatment 


A. Three-day set 
1. Control 
2. 24-D0.01% 
3. Atropine 0.1% 
4. Atropine 0.25%, 
5. Atropine 0.1% + 2,4-D 0.01% 
6. Atropine 0.259) + 2,4-D 0.01% 
B. Six-day set 
Control 
2,4-D 0.01% 
Atropine 0.1% 
Atropine 0.25 


77 


8 
7. 
7 
7 


25% 
Atropine 0.1% + 2,4-D 0.01% 


Atropine 0.25% + 2,4-D 0.01% i) 
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about thirty-six hours) was much more pronounced 
after three days in the case of plants receiving the 
higher concentrations of atropine. At the lower 
concentration of atropine, the 2,4-D toxic effect was 
more pronounced 

Correlation of Dry Weight Data.—One series of 
plants was harvested at three days (seventy-two 
hours) and the other series at six days (one hundred 
forty-four hours) after treatment. At each harvest 
the individual plant was separated into leaves and 
tops, stems, and root portions Each portion was 
then placed in an automatic forced-air drier and 
dried at a temperature of 42°. The leaf and root 
portions were allowed to remain at this temperature 
for thirty-six hours and the stem portions for seventy- 
two hours. The plant parts were removed from the 
oven and allowed to attain room temperature before 
being weighed. The weights of each plant part were 
recorded and the materials were stored in airtight 
containers until subsequent pulverization in a Wiley 
mill. Differences in the dry weight of the plant 
parts were noted as an indication of comparative 
growth (Tables I and II). 

Alkaloid Analysis for Loss of Atropine from Cul- 
ture Solution.—The 30-ml. aliquots of the hydro- 
ponic culture solutions from the plants treated with 
atropine were assayed by a modified U. S. P. XIV 
method (9). The modification consisted of making 
the 30-ml. aliquots acid by addition of 0.2-0.5 ml 
of concentrated sulfuric acid; filtering the solution 
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otal Weight 
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Difference, ‘ > 
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Difference, 


58 
S4 
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37 
21 


95 


S4 
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70 
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Total Weight 


Tops and Leaves 
Difference, 


Gm Difference, ‘ 


19 + 1 


95 + 0 


© 
4 
i 
Gm 
A. 
5 
10.94 5.23 + 0.44 
8.76 —20.0 3.81 + 0.35 —27.2 
6.78 —38.0 3.11+0.43 —40.5 
10.74 — 1.8 4.51+0.13 —13.8 
6.63 —39.4 2.84 + 0.20 —45.7 
| 3 7.91 | —27.7 3.41 + 0.36 —34.8 
6.50+0.15 
—17.0 5.01 + 0.70 —22.9 
—35.1 3.94 + 0.32 —39 
a — 36.0 3.79 + 0.21 
—48 3 3.01 +0.44 —53 
— 52.0 2.833+ 0.26 — 56! 
a As ~—- — 
78 4.58 + 0.93 
1.30 7.1 4.75 + 0.72 3.7 
}+0.24 6.9 4.544+0.15 -0.9 
0.25 —8.2 3.89+0.14 —15.1 
+ 0.77 —8.4 3.89 + 0.42 —15.1 
= 57 —2.9 4.03 + 0.40 —12.0 
10 81 42 + 0.20 
a oe 10 94 6.4 26 + 0.49 —2.9 
9 12 -0.9 16 + 0.63 -4.8 
10 50 4.5 —3.7 
5 11 14.8 63 + 0.65 3.9 
68 —9.3 .27 + 0.29 —21.2 
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to remove root particles and other undesirable 
matter; and then proceeding according to the official 
method. From these analyses the total milligrams 
of atropine remaining in the culture solution were 
subtracted from 2,082 mg. of atropine (equivalent 
to 2,500 mg. of atropine sulfate) for the sets treated 
with 0.25% atropine, or from 833 mg. of atropine 
(equivalent to 1,000 mg. of atropine sulfate) for the 
sets treated with 0.1° atropine. This was re- 
corded and the data made cumulative to show the 
total atropine loss from solution (Figs. 1 and 2) 

It should not be construed that the total atropine 
lost from the culture media was taken up through the 
roots and into the plant. Some atropine loss could 
have occurred from hydrolysis or degradation of the 
alkaloid in solution through the action of micro- 
organisms or from other factors. In order to cor- 
rect for such a loss (which will be termed spontane 
ous decomposition), four control bottles each con- 
taining atropine in concentrations of 0.25°) and 
0.1%, but without plants, were analyzed periodi- 
cally for atropine (Figs. 1 and 2). 

The use of the spontaneous decomposition factor 
to calculate absorption was considered satisfactory 
since the absorption figures generally indicated the 
trends in uptake in spite of the fluctuations. The 
correction for spontaneous decomposition has its 
limitations however, since the rate of degradation 
in a solution without roots might not be the same as 
that with the roots of a living plant. Nevertheless, 
in the absence of more accurate comparative data, 
this factor proved helpful. 

In general, the rate of atropine uptake in the case 
of plants treated with atropine alone was rapid at 
first but slow during the latter part of the treatment. 
The rate of uptake for the sets receiving the com- 
bined treatment was slow at the start, increasing 
more steadily toward the end of the six-day treat- 
ment. This phenomenon was much less pronounced 
in tomato. 


Analysis of Total Alkaloids in Leaves and Tops. 
The method of Witt, et a/. (10), was employed with 
some modification for alkaloid extractions and anal- 
yses. The Witt method was modified by using 
chloroform as the immiscible solvent for extraction 
instead of benzene since preliminary work showed 
this to be a more efficient method. The results of 
the alkaloid analyses are shown in Tables III and 
IV. 

With the exception of the 2,4-D treated set, 
significant increases in alkaloids were noted for all 
the six-day sets. As shown in Table III, the in- 
creases were from 935 to 4,064%%. The 11.8% 
increase for the set receiving a 2,4-D treatment was 
considered large, but not significant. The sets 
treated with atropine alone had a higher percentage 
increase at both atropine concentrations than the 
sets receiving the combined treatment. The results 
of the analysis for alkaloids in tomato leaves and 
tops are shown in Table IV. All tomato sets 
treated with atropine accumulated a significant 
amount of alkaloid. The increases for the six-day 
tomato sets varied from 4,180 to 22,300°%. How- 
ever, when six-day sets receiving the combined 2,4-D 
and atropine treatment were compared with those 
treated only with atropine, inconsistent results were 
observed. 

It was further desired to make comparisons based 
on the total alkaloids per plant leaves and tops 
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Fig. 1.— Total atropine loss from culture solution 
in Datura stramonium (average per combined 3- and 
6-day sets). 
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_ Fig. 2.—Total atropine loss from culture solution 
in tomato (average per combisied 3- and 6-day sets), 
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(B) 


(A) 
Total Alkaloids Caled. as Hyoscyamine Total Leaf Alkaloids 
Treatment mg./Gm Difference, “; mg./pl.* Difference, 

A. Three-day set 

1. Control 0.58 + 0.04 3.02 at 

2 24-D001% 0.58 + 0.04 0.0 2.20 —27.1 

3. Atropine 0.1% 5.48 + 0.50 845.0 16.49 446.0 

4. Atropine 0.25°, 14.44 + 0.48 2,390.0 64.97 2,052.0 

5. Atropine 0.1° + 2,4-D 0.01% 5.40 + 0.72 831.0 15.21 404.0 

6. Atropine 0.25°, + 2,4-D 0.01°% 13.45 + 2.00 2,217.0 48.14 1,494.0 
B. Six-day set 

1. Control 0.68 + 0.16 4.42 ys 

2 24-D0.01% 0.76 + 0.04 11.8 3.79 —14.3 

3. Atropine 0.1% 8.52 + 1.32 1,158.0 34.47 680.0 

4. Atropine 0.25% 29.38 + 3.0 4,064.0 112.0 2,433.0 

5. Atropine 0.1° + 2,4-D 0.01% 7.04 + 0.64 935.0 22.03 397.0 

6. Atropine 0.25°, + 2,4-D 0.01, 14.42+ 1.01 2,020.0 41.22 


TaABLe IV 


Treatment 


* Obtained by calculation from dry weight and alkaloid analyses data ; 
ANALYSIS OF THE ALKALOIDS IN TOMATO LEAVES AND Tops 


Total Alkaloids Caled as Hyoscyamine 


(A) (B) 
Total Leaf Alkaloids 


mg./Gm Difference, “ mg./pl.* Difference, 

A. Three-day set 

1. Control 0.12 0.44 

2. 24-D 0.01%, 0.12 0.0 0.60 36.3 

3. Atropine 4.66 + 0.48 3,783.0 21.24 5,253.0 

4. Atropine 0.25°, 12.18+ 0.12 10,040.0 47.37 10,6200 

5. Atropine 0.1% + 2,4-D 0.01% 3.02 + 0.28 2,417.0 11.41 2,493 .0 

6. Atropine 0.25% + 2,4-D 0.01% 9.60 + 0.5 7,900.0 39.05 8,774.0 
B. Six-day set 

1. Control 0.10 0.56 

2 2,.4-D 0.01% 0.14 40.0 0.78 41.0 

3. Atropine 0.1% 5.54 + 0.64 5,440.0 29.33 5,203.0 

4. Atropine 0.25%, 16.06 + 2.60 15,9600 88.28 15, 860.0 

5. Atropine 0.15, + 2,4-D 0.01% 4.28 + 0.34 4,180.0 23.41 4,133.0 

6. Atropine 0.255, + 2,4-D 0.01% 22.40 + 5.6 22 300.0 99.44 17 


(Tables III and IV). The total alkaloids (calcu- 
lated as hyoscyamine) were obtained by calculation 
from the dry weight and alkaloid analyses data and 
stating the results in milligrams. When the above 
basis was used and the comparisons were stated in 
terms of per cent, significant increases in leaf 
accumulation of alkaloids were induced in both 
species by the treatments with atropine alone. In 
Datura, the increases for the six-day sets, compared 
with those of the controls, amounted to approxi- 
mately 2,433°, and 680°) at the 0.25°, and 0.1% 
concentrations, respectively. The corresponding 
increases in tomato were about 15,800°7 and 5,200% 
respectively. Under the influence of 2,4-D only, 
Datura plants showed about a 14.0°) decrease which 
was not considered significant. The Datura plants 
receiving the combined treatment, likewise, dis- 
played significant alkaloid increases per plant leaves- 
tops. The increases were about 833°) and 397% at 
the higher and lower alkaloid concentrations, re- 
spectively. Correspondingly, the increases in the 
case of the tomato plants were about 17,800° and 
4,100%, respectively. In general, the plants re- 
ceiving the combined treatment of atropine and 
2.4-D accumulated less alkaloids than plents 
treated with atropine alone. 


® Obtained by “calculation from dry weight and alkaloid analyses data 


7,880.0 


SUMMARY 


Toxic concentrations of atropine and 2,4-di- 
chlorophenoxyacetic acid were administered to 
Datura stramonium and Lycopersicon esculentum, 
and effects on alkaloid accumulations in both 
plants are described. The atropine in concentra- 
tions of 0.25% and 0.1% was added to the culture 
media and the 2,4-D (0.01% solution) 
sprayed on the leaves. The following salient 
points were observed: 


was 


1. Characteristic toxic responses in growth 
were induced in both species by the treatment 
with atropine, 2,4-D, and a combination of the 
two chemicals. 

2. There was a significant increase in the leaf 
accumulation of atropine-type alkaloids under the 
conditions of the experiment. The increases per 
plant tops-leaves at the higher atropine concen- 
tration were approximately 24-fold in Datura and 
158-fold in tomato. Correspondingly, the in- 
creases at the lower concentration were 7-fold and 
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52-fold. In Datura, treatment with a combina- 
tion of atropine and 2,4-D resulted in a significant 
decrease in leaf alkaloid when compared with the 
treatment during which atropine alone was used. 
The decrease in atropine accumulation was at- 
tributed to the influence of 2,4-D. 
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Preservative Action of 
Combined Bacteriostatic Agents I.* 


Preservative Action of Chlorobutanol in Combinations with 
Certain Other Bacteriostatic Agents 


By EDWARD N. DEEB and JOHN W. BOENIGK 


Chlorobutanol was found to be readily soluble in Tween' 20, benzyl alcohol, and 


phenylethy! alcohol. 


The concentrated solutions are easily diluted to 0.5 per cent 


aqueous solutions, which is the strength frequently used in ophthalmic solutions. 
The bacteriostatic and bactericidal efficiency of the combined agents was found to be 
greater than that of chlorobutanol 0.5 per cent in isotonic sodium chloride solution. 


A we of the literature regarding the 

preservative action of various chemicals 
indicated that relatively little work has been 
reported on the use of combined bacteriostatic 
agents for ophthalmic solutions (1). It seemed 
possible that some degree of synergism might 
exist between certain antibacterial agents. Be 
cause chlorobutanol is one of the two most widely 
used preservative agents at the present time, 
combinations of this agent with benzyl and 
phenylethyl alcohols were selected for evaluation 
in this study. 

Chlorobutanol has been used as a preservative 
for ophthalmic solutions for a number of years 
(2). It has the disadvantage that it is slightly 
and slowly soluble in water. The solubility 
of chlorobutanol is listed in the U. S. P. as 1 Gm. 
in 125 ml. of distilled water (0.8 per cent). It 
was determined experimentally that one hour and 
twenty minutes of constant stirring in a magnetic 
stirrer were required to dissolve 0.5 Gm. of 
anhydrous chlorobutanol U. S. P. in 100 Gm. 
distilled water at room temperature. Chloro- 
butanol is more soluble in boiling water; how- 
ever, such solutions have diminished preservative 


* Received April 25, 1958, from The Veterans Adminis 
tration Hospital, Pittsburgh, Pa. and the University of 
Pittsburgh, School of Pharmacy, Pittsburgh, Pa 

! Registered trademark name of Atlas Powder Co. 


action probably due to loss by volatilization and 
hydrolysis (2). 

In order that preservative activity of solutions 
used in this study would not be misinterpreted 
as being due to hydrogen ion concentration, the 
pH value of the mpre important solutions used 
in this study were determined and it was found 
that none of the solutions had a pH lower than 
4.3. These determinations were considered per- 
tinent because Fredenburgh and Heicht (3) 
found that hydrogen ion concentration corre- 
sponding to pH 4.1 or lower inhibited the growth 
of pathogenic bacteria. 

Phenylethy] alcohol has been reported to have 
antibacterial action by Brewer (4), Grote (5), 
and Lilley (6). The value of benzyl alcohol as 
a preservative in ophthalmic solutions has been 
reported by Gershenfeld (7). 


EXPERIMENTAL 


Chlorobutanol Concentrate with Tween 20. — Due 
to the inherent difficulties experienced with ex- 
temporaneous solutions of chlorobutanol in water or 
normal saline, a study was made to determine if a 
concentrated solution of chlorobutanol could be pre- 
pared. Spans' and polyvinylpyrrolidone proved to 
be unsuitable as solubilizing agents. Of the series 
of Tweens tried, Tween 20 proved to be the best 
solubilizing agent for chlorobutanol. A 50°, so- 
lution in Tween 20 was possible; however, all so- 
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lutions greater than 33°; precipitated chlorobutanol 
when diluted to a 0.5% concentration. A 10% 
solution of chlorobutanol was chosen as the most 
convenient concentrate to use. This solution was 
prepared by adding 10 Gm. of chlorobutanol to 
40 Gm. of Tween 20, stirring the mixture in a mag- 
netic stirrer until solution was complete, at which 
time the remaining 50 Gm. of sterile distilled water 
was added 

A 0.5% solution prepared from the 10° con- 
centrate in Tween 20 was tested for possible irri- 
tation and sensitivity. It was found that the 
solution did not cause any more irritation than 
chlorobutanol 0.5°% in isotonic sodium chloride 
solution. The irritation and sensitivity tests were 
made on the eyes of seven rabbits. Three drops? of 
a 0.5% solution prepared from the Tween 20 con- 
centrate were placed in one eye and a control solu- 
tion of 0.5°) of chlorobutanol in isotonic sodium 
chloride solution was placed in the other eye. These 
solutions were placed in the rabbits eyes three times 
a week for two weeks. No apparent sensitivity was 
observed. The results of these tests were observed 
by Dr. Lehman.* 


Chliorobutanol with Benzyl and Phenylethyl 
Alcohols.—-Experimentation showed that chloro- 
butanol was freely soluble in both benzyl and phenyl- 
ethyl alcohol, and that a 50°) solution in either al- 
cohol could be made. Both benzyl alcohol (7) and 
phenylethyl alcohol (4-6) have been used as pre- 
servatives in ophthalmic solutions with no reported 
unusual irritation or sensitivity. Concentrated 
solutions of chlorobutanol in benzyl and in phenyl- 
ethyl alcohol can be readily diluted to 0.5% 
strength, although the chlorobutanol—benzy] alcohol 
concentrate must be diluted by gradual addition to 
water or isotonic sodium chloride solution. The 
diluted solutions containing chlorobutanol and 
benzyl alcohol 0.5° each, and chlorobutanol and 
phenylethyl alcohol 0.5% each, were tested for 
irritability and sensitivity as described above, using 
the same control. The combination of chloro- 
butanol and phenylethyl alcohol was found to be 
slightly more irritating than the control. Neither 
solution appeared to cause any sensitivity. 


Preservative Activity Studies.—The preservative 
properties of the solutions prepared were tested 
against organisms which are pathogenic to the eye 
(8) and which have been reported to occur in oph- 
thalmic solutions (9). 


Chlorobutanol Concentrate in Tween 20.—All 
organisms used in testing for preservative activity 
were isolated from patients at this hospital.‘ All 
organisms were pathogenic and resistant to one or 
more antibiotics. 

Solutions of various percentage strengths of chlo- 
robutanol were prepared by dilution of the 10% 


*?San-I-Drop, sterile disposable plastic medicine droppers 
of Marne! Incorporated, Alexandria, Va., were used to instill 
the eye solution 

*The authors wish to thank Dr. Robert N. Lehman, 
Associate Professor of Ophthalmology attthe University of 
Pittsburgh, School of Medicine, and Chief, Ophthalmology 
Service at this hospital, for the external examination of the 
conjunctiva of the rabbits following instillation of the eye 
solutions and controls 

*The authors are indevted to James V. Datillo, Chief 
Racteriologist of this hospital for the isolation and identifica- 
tion of the organisms used in this study, his technical assist- 
ance in setting up the testing program, and interpretation 
of the results of the bacteriological tests 


chlorobutanol-Tween 20 concentrate with Brain 
Heart Infusion broth (BHI). Five-ml. portions of 
these solutions were inoculated with 0.05 ml.® 
of a twenty-four-hour BHI broth culture of the bac- 
terial organisms. At the same time, solutions of 
the same concentrations were made by dissolving 
chlorobutanol in BHI broth without the addition 
of any Tween 20, and these solutions were inoculated 
with the same organisms. All test solutions were 
incubated at 37°. The cultures were observed at 
twenty-four-hour intervals. Growth in BHI broth 
in nearly all tests was easily observed by macro- 
scopic examination. 

The results of the preservative action of chloro- 
butanol in the two media are presented in Table I. 
Solutions of chlorobutanol containing Tween 20 
had less preservative action than solutions of chloro- 
butanol alone. 

Combinations of Chlorobutanol with Benzyl 
Alcohol and with Phenylethyl Alcohol._-The con- 


TaBLe I.—Bacreriostatic Errect oF 
CHLOROBUTANOL IN BRAIN HEART INFUSION BROTH 
WITH AND WITHOUT TWEEN 20) 


Chlorobutanol Concentration in 


Organism Solution, 

Strain 075 O05 04 03 0.2 
A = > 

Ps-2 T - + + 
A - - v 

Ps-3 - - + 

Ps-5 T - 

A - - 

A - + 

A - - 


Ps-—- Pseudomonas aeruginosa, S--Staphylococcus aureus, 
Prot-—-Proteus vulgaris, T—-Tween 20 added, A-—without 
Tween 20 

— No growth after 72 hours’ incubation. + Growth after 
24 hours’ incubation. 

+* Growth after 48 hours’ incubation. All control 
tubes showed growth. 


Tasie II.—PRESERVATIVE ACTIVITY OF 
COMBINATIONS OF BACTERIOSTATIC AGENTS IN 
BRAIN HEART INFUSION BROTH 


Results after 72 Hours’ Incubation 
Chiorobutanol-Benzyl Chlorobutanol-Pheny! 
Organism Alcohol, of each, % ethyl! Alcohol, of each, 
Strain 05 04 03 02 05 O04 63 
Ps-1 


+ 
Ps-2 = + 
Ps-4 --++ + 


All controls showed growth after 24 hours’ incubation. 
Ps—Pseudomonas aeruginosa, Prot—— Proteus vulgaris. 


* The average of five counts showed that 0.05 ml. of one of 
the twenty-four-hour cultures of Pseudomonas contained 
35,500,000 organisms. 
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Taste III 
First Appearance 


Phenyl- 
Benzyl ethyl 
Alcohol, Alcohol, 

05% 


0.5% 


Chloro- 
Organism butanol 
Strain 0.5% 


+24 


05 
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Chlorobutanol- Benzyl Alcohol 
of each, % 
04 


—4 


—4 
—4 


—24 


—1 


Ps-—Pseudomonas aeruginosa, S—Staphylococcus aureus, Prot 


+4 
—4 


soo 


Tue Revative EFFicreNcy OF INDIVIDUAL PRESERVATIVES INVESTIGATED 
of No Growth in Subculture Tubes (in Hours) 


Chlorobutanol Phenylethyl Alcohol 


of each, % 
02 5 
—1 


03 

+4 

+4 
~1 


—1 
+4 
—1 
—1 


—1 


03 
+4 
+4 
—1 
+24 
—1 
+4 
+4 
+4 
+4 
—1 


0.2 
+4 
+4 
+4 
+4 
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+4 
+4 
+4 
+4 
+4 
+4 
+4 
+4 
+4 


| 


+4 
+4 
+4 
+4 
+4 
+4 


235 


Proteus vulgaris 


Indicates viable organisms in subculture made four hours after initial inoculation 
Indicates no growth in subculture made four hours after initial inoculation 


Each of the above preservative agents was dissolved in isotonic sodium chloride solution containing 1% atropine sulfate. 
Each of the subculture tubes was inoculated with 0.5 ml 


mentioned in the above table 


centrates of chlorobutanol in benzyl alcohol and in 
phenylethyl alcohol were diluted to 0.5% concen- 
tration of each chemical with sterile BHI broth and 
the preservative properties of the combinations were 
tested by culturing them with five Pseudomonas and 
one Proteus organisms (The Pseudomonas organ- 
isms were the same five used to test the chlorobu- 
tanol and the chlorobutanol-Tween 20 solutions, 
Table I). The limited testing in BHI broth, as 
presented in Table II, demonstrated that both of 
the combination preservative solutions were more 
effective than chlorobutanol alone. No further 
tests were made in BHI broth with any other or- 
ganisms since it was considered of greater value to 
determine preservative efficiency in an aqueous me- 
dium, the normal medium of ophthalmic solutions. 

Lawrence (10) reported that the actions of many 
preservative agents were enhanced by the presence 
of drugs commonly used in ophthalmic solutions 
A third series of tests was made to determine if the 
combination solutions of chlorobutanol and pheny!l- 
ethyl alcohol would have increased activity in the 
presence of a commonly used ophthalmic drug. 
A 1% solution of atropine sulfate was chosen as a 
typical ophthalmic solution. The results of this 
test series are reported in Table III. The com- 
bination of chlorobutanol with phenylethy! alcohol 
was found to be more effective than the combination 
of chlorobutanol with benzyl alcohol. There was 
slight but inconclusive evidence that the solutions 
containing the atropine sulfate were more efficient 
preservatives than those without the atropine sul- 
fate. 


SUMMARY AND CONCLUSIONS 


1. A concentrated solution of chlorobutanol 
can be prepared in Tween 20, and the concen- 


of the experimentally contaminated preservative solutions 


trate is readily diluted with water or isotonic 
sodium chloride solution. 

2. Chlorobutanol is readily soluble in benzyl 
alcohol and phenylethyl alcohol, and the con- 
centrated solutions of these combined pre- 
servatives can be readily diluted with water or 
isotonic sodium chloride solution. 

3. Aqueous solutions containing the combined 
preservatives, chlorobutanol with benzyl alcohol, 
and chlorobutanol with phenylethyl alcohol 0.5 
per cent each have a greater preservative action 
than a 0.5 per cent aqueous solution of chloro- 
butanol. The results of the tests suggest syner- 
gism between the combined preservatives and 
indicate that the mechanism of bacteriostatic 
action of chlorobutanol differs from that of 
either benzyl or phenylethy! alcohol. 

4. A0.75 per cent chlorobutanol solution with 
Tween 20 has less preservative activity than a 
0.5 per cent solution without Tween 20. This 
may be seen by a study of Table I. 
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The Effect of Hydrogen Ion and Alcohol 
Concentration on the Solubility 

of Phenobarbital* 
By T. D. EDMONSON and J. E. GOYAN 


The solubility of phenobarbital in alcohol with varying pH has been determined. 


The data should make it possible to determine the approximate solubility of pheno- 


barbital for any pH and any alcohol concentration up to 50 per cent. 


The data indi- 


cate that it is possible to prepare phenobarbital solutions which have both good 


medicinal 


Mo of the agents currently 


employed in medical practice are either 
weak organic acids or bases. 
relatively 


Since they are 
water, their salts are 
employed to prepare solutions of effective thera 


peutic concentration. 


insoluble in 


In certain instances, how- 
ever, the use of the salt may decrease the stabil- 
ity appreciably. 
the barbiturates. 

It is well known that the salts of the barbi- 
turates decompose when dispersed in aqueous 
solutions (1). 


One such group of drugs is 


The stability, however, may be 
increased if the pH of the solution is decreased. 
Unfortunately, the reduction of pH soon reaches 
a minimum value, where the concentration of the 
free acid formed is greater than its aqueous sol- 
ubility. This unfortunate situation of ‘good 
stability’’ and ‘“‘poor solubility’’ has prompted 
those in the pharmaceutical field to search for 
other methods of solubilizing the acidic form of 
the drug. 

The utilization of solubilizing agents such as 
the polyoxyethylene sorbitan esters has met with 
some success (2), but the objectionable taste has 
prevented wider use of these agents in oral 
formulations of the barbiturates. 

Solvents or combinations of solvents such as 
glycerin-alcohol-water, propylene 
and alcohol-water mixtures have all been sug 


glycol-water, 


gested for the preparation of suitable barbiturate 
preparations (3-5). 
been the use 


Still another approach has 
of water-alcohol mixtures with 
proper pH adjustment of the existing solution. 
In this manner an optimum pH and alcohol 
concentration could be achieved which would 
produce sufficient solubility and stability. 
Urdang and Leuallen (6) have reported a study 
of the solubility of phenobarbital as a function 
of pH. their experiments has 
shown an appreciable change in pH upon dis- 


Repetition of 
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stability and solubility using minimal amounts of alcohol if the pH is adjusted. 
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The sol- 
vent at pH 8.0, for cxample, after saturation 
with phenobarbital, was found to have a pH of 


solution of the acidic phenobarbital. 


Actually at pH 8.0 the buffer is approximately 
0.02 M in NasCO; and 0.18 M in boric acid. 
The phenobarbital concentration is about 0.03 
M. The buffer capacity would therefore seem to 
be inadequate. 

In order to verify and correct existing solubil- 
ity data on phenobarbital as a function of pH 
and alcohol concentration, this 
initiated. 


study was 


EXPERIMENTAL 


Materials and Apparatus..-U. S. P. grades of 
phenobarbital and sodium phenobarbital were used 
All other chemicals were reagent grade. A Beck- 
man model DU spectrophotometer and a Leeds and 
Northrup model 7664 pH meter were used 

Assay.—The absorbance spectra of phenobarbital 
were determined in three different solutions. Each 
solution consisted of 10~* moles of recrystallized 
phenobarbital dissolved in one liter of the solvent. 
Solvent I was distilled water, solvent II a dilute 
buffer solution with a pH of 9.91, solvent III a 
4.6 M sodium hydroxide solution. The spectra 
are shown in Fig. !. The reason for determining 
these three spectra are explained under discussion. 
The two absorbance maxima at 240 and 255 my were 
used in our analysis 

An aliquot of the phenobarbital solution was di- 
luted with a solution having a pH greater than 10 
(in order to limit the ionic forms to Pb~ and Pb*~), 
and then the absorbance of the solution determined 
at 240 and 255 mp. The concentration of pheno- 
barbital could then be calculated by using simul- 
taneous equations (7). 

Solubility of Phenobarbital as a Function of Al- 
cohol Concentration.—In the first series of experi- 
ments, excess phenobarbital was added to approxi- 
mately 25 ml. of various concentrations of alcohol- 
water mixtures in 50-ml. Erlenmeyer flasks. The 
flasks were then stoppered with cork wrapped in 
Parafilm? and placed into a shaking apparatus con- 


! Since most pharmaceutical vehicles also have a low buffer 
capacity, their solubilities may be close to those in such 
vehicles 


? Trademarked product of Marathon Corp., Menasha, Wis 
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Ultraviolet absorption spectra of the differ- 
ent ionic species of phenobarbital. 


Fig. 1. 


tained in a constant temperature water bath main- 
tained at a temperature of 25° + 0.1°. 

After forty-eight hours of agitation, each so- 
lution was filtered and a one-ml. aliquot intro- 
duced into a 1,000-ml. volumetric flask. Twenty- 
ml. of a 0.2 M sodium hydroxide solution and enough 
distilled water were added to bring the volume up 
to 1,000 ml. The solubility of the phenobarbital 
at each alcohol concentration was then determined 
according to the spectrophotometric method de- 
scribed under ‘‘Assay."’ Table I includes these 
results. 

Solubility of Phenobarbital as a Function of pH 
and Alcohol Concentration..-The pKa values of 
phenobarbital at several alcohol concentrations were 
previously determined in the laboratory. A plot of 
the reciprocal of the dielectric constant against pKa 
produced a linear relationship up to an alcohol 
concentration of 60°), as predicted by electrostatic 
theory (8). Figure 2 shows this relationship. 
From the figure it is possible to determine the 
pKa of phenobarbital at any alcohol concentration. 

It is evident that by the use of the buffer equa- 
tion: 


pH = pKa + log pa 


the approximate concentration of the salt of pheno- 
barbital may be calculated for any desired pH, 
phenobarbital concentration, and alcohol con- 
centration. The pKa values and acid solubility may 
be obtained from Table I and Fig. 2. 

A number of solutions were prepared in 50-ml. 
flasks at a definite pH and alcohol concentration. 
The quantity of salt necessary for each pH and 
alcohol concentration was first calculated and 
added to the proper flasks. To each flask an ex- 
cess of the free acid was also added and these flasks 
placed into the shaking apparatus, as previously 
described, and agitated for twenty-four hours 
Each flask was then removed and the pH adjusted 
to the exact pH desired with 1.0 MW HCl. or 1.0 M 
NaOH. Since the volume of base or acid added 
was very minute, it did not appreciably alter the 
concentration of the alcohol. The flasks were re- 
turned to the shaker and agitated for a period 
of twenty-four hours. After equilibrium had been 
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TABLE I 


GMm./100 ce. 


Alcohol 
0 
5 


pH 7.0 pH 80 


3.47 


* The pKa values were read off a graph of pKa ps. 1 /dielec 
tric constant which gives a straight line relationship (Fig. 2) 


reached, the solutions were assayed for their pheno- 
barbital content. The solubility results are in- 
cluded in Table I. 


DISCUSSION 


The assay procedure we followed differs from 
that used by Urdang and Leuallen (6). They di- 
luted their sample aliquots with the appropriate 
buffer solution and used an absorbance index 
determined for each pH. It was felt that this 
method has some disadvantages. This can be 
shown by noting the following equations: 


H.O + Pb = Pb~ + H,0* 
H.O + Pb- = Pb™ + H,O* 


Solutions I, II, and III on Fig. 1 correspond closely 
to these three forms. This shows that the sen- 
sitivity of the method changes greatly with pH 
Indeed at lower pH values no maximum exists at 
240 mu. 

The spectra of the water and sodium hydroxide 
solutions give the desired absorbance maxima 
Am for Pb and Pb™ directly. However the buffer 
solution contains small amounts of Pb and Pb~ 
in addition to the Pb This was corrected for by 
using the following equations, modified from De- 
ford (9). 


Pb (H;O*)? 

Po- 

_ Total phenobarbital added (10~* M) 
H,O* Ks 


K. thot! 


Pb 


The value of K. was adapted from Butler, ef al. 
(10). Activity effects were neglected since they 
should be negligible at low concentrations. 

Now the total absorbance at any wavelength 
should be: 


Ar = a,:Pb + a:Pb~ + a;Pb™ 


We can now calculate Pb, Pb~, and Pb 
knowing Ap, @;, and a;, we can solve for ae. 
was done at 240 and 255 mu. 
10,800 liters moles~' cm 
moles~' em.~'. 

The validity of these values was checked by using 
them to calculate what the dow,;. should be for a 
phenobarbital solution with a pH This 
gave a value of 459 which is in exact agreement with 
the value for the same constant given by Matt- 
son (11). 


and 
This 
The values are dao = 
' and dos = 4,340 liters 


= 9.5. 


811 
pig — = — > 
10% %  pKa* H.0 
S| 42 0.13 0.18 0.72 
48 0.15 0.21 0.83 
10 58 0.18 0.24 0.93 
15 64 0.23 0.30 1.04 
20 74 0.34 0.37 1.19 
25 82 0.44 0.48 1.37 
A 30 92 0.58 0.67 1.60 
35 04 0.94 0.97 1.88 
40 8.16 1.36 1.42 2.30 
I 45 8.30 2.02 2.03 2.76 
50 8.48 2.88 2.89 | 
10" 
230 236 


| 
| 

2s 200 225 2s 275 300 
»* o? 


Fig. 2.—Dissociation constant of phenobarbital 
as a function of dielectric constant. The points 
correspond to 0, 20, 30, 40, 50, 60, and 70% alcohol 
v/v, respectively. 


26} 


Fig. 3.—The solubility of phenobarbital as a func- 
tion of alcohol concentration and pH. 


The solubility results are shown in Fig. 3. It 
should be noted that our values for the solubility 
in water which should agree with Urdang and 
Leuallen (6) are not in too good agreement. How- 
ever, it is also true that other values reported by 
Krause and Cross (3) and Anderson (12) are also 
at variance, our values falling within the ranges of 
the other workers. 

Our results confirm those of Urdang and Leuallen 
(6) and others in that we also find it necessary to go 
to fairly high concentrations of alcohol before the 
solubility of the free phenobarbital increases signifi- 
cantly. This phenomenon has been reported ear- 
lier for other chemicals. It was found for example 
with acetophenetidin by Gregg-Wilson and Wright 
(13). 
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It must be borne in mind that addition of alcohol 
to water solutions has two effects: It increases the 
solubility of the free acid and it decreases the ioniza- 
tion of the acid. As pointed out by Higuchi, et al. 
(14), this usually results in a net increase in solubil- 
ity since the first effect is greater than the second. 
This is found true in our studies where the solubil- 
ity increases steadily with alcohol concentration at 
each pH. These values should also follow the 
equation developed by Higuchi (15) to describe the 
change in solubility with pH for a weak acid or base 
providing we use the pKa corresponding to the given 
alcohol concentration. This was done and slope 
values from 1.00-1.20 were obtained. These of 
course are for only two points but indicate 
that the results are in line with the theoretical.’ 

Solubilities for pH values greater than 8.0 were 
not determined experimentally since the solubility 
is always much larger than would be necessary to 
provide therapeutic effect in convenient volumes 
and since this approaches pH values where decom- 
position might be of importance in prescriptions 
used over long periods of time. 

If the average dose of phenobarbital is taken as 
30 mg., this concentration can be obtained with 
35% alcohol at pH 7.0 or 10° alcohol at pH 8.0. 
It would appear, therefore, that a solution of pheno- 
barbital can be made to contain therapeutic amounts 
at much smaller concentrations of alcohol if the pH 
is also adjusted. 
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* Using such plots it is possible to predict the solubility for 
any pH value at a given alcohol concentration 
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Stress Resistance in Thymectomized Rats* 


By ALFRED P. IACOBUCCI and HOWARD J. JENKINS 


A method for determining stress resistance is employed for the investigation of a 


possible difference between 


thymectomized and normal animals with respect to 


their abilities to withstand the stressing effects of various nonspecific stressor agents. 
Rats are used as the test animals, and the experimental data evaluated by the Litch- 
field-Wilcoxon method. Evidence is provided to indicate that there is no significant 
difference in the ability of normal and thymectomized groups to withstand the stress- 


ing effects of dry heat, ao and histamine. 


resistance in thymectomize 


The restoration of normal stress 


adrenalectomized animals receiving adrenal cortical 


extracts is not dependent upon the process of thymus involution. 


SEARCH of the literature as well 

as a personal communciation (1) has re- 
vealed that the relationship between the thymus 
gland and stress resistance has not been clearly 
set forth. 

The purpose of the work of this paper is to 
provide information which might help to clarify 
this relationship and, at the same time, to shed 
some light on the possible role of the mechanism 
of stress resistance in myasthenia gravis. 

In connection with the latter it is known that 
the thymus gland normally is relatively large at 
birth, begins to involute at puberty, and is al- 
most completely atrophied at the age of sixty 
years or so (2). In myasthenia gravis however, 
this normal involutionary process does not occur 
in a large proportion of cases. 

It has been reported that approximately 55 
per cent of all myasthenia gravis patients are 
found at operation or post-mortem examination 
to have either a thymoma or else a persistent or 
hyperplastic thymus gland (3, 4). Moreover, 
myasthenia gravis patients have a very low re- 
sistance to all types of physiologic stress (4). 
Finally, corticotropin alleviates the symptoms of 
myasthenia only in individuals who have en- 
larged thymus glands (5), bringing about as it 
does, an involution of the gland. In the adren- 
alectomized animal with a large thymus gland, 
the administration of adrenal cortical extracts 
results in the restoration of stress resistance at 
the same time that the thymus involutes (6). 

In view of the foregoing information, the 
question arises as to the role of the involution of 
the thymus gland in stress resistance. Is the 
involution of the enlarged thymus essential to 
the restoration of normal stress resistance or is 
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it simply a side effect? If it is essential to the 
restoration of normal stress resistance, and if 
corticotropin is effective in myasthenia gravis by 
virtue of its ability to restore resistance through 
involution of the thymus, then impaired stress 
resistance is a factor in myasthenia gravis. 


EXPERIMENTAL 


In an effort to clarify the relationship between the 
thymus gland and stress resistance, the effects of 
various stressing agents were measured in both 
control and thymectomized rats. 

This was done by recording the lethal dose for 
50% of the animal sample (LD) for each stressor 
in a control group and in a thymectomized group. 
In this manner the effect of thymectomy was deter- 
mined. 

To further clarify the relationship of the thymus 
to stress resistance, a group of thymectomized, 
adrenalectomized animals was subjected to a stres- 
sor and the resultant LD» compared with the LD» 
of a control group subjected to the same doses of 
the same stressor. Then, stress resistance of a 
similar thymectomized, adrenalectomized group was 
made equivalent to that of the control group by the 
administration of adrenal cortical extracts. In this 
manner, the effect of the process of involution of the 
thymus gland was determined. 

Since this investigation was concerned with non- 
specific stress, stressors of various types were 
selected for the experimental work. Dry heat, one 
of those selected can be classified as a nondrug, non- 
specific stressor. Reserpine was selected as repre- 
sentative of a stressor of long duration, since its 
peak effect is not reached for a period of about three 
or four days (7). Histamine was chosen for its 
ability to initiate stress rapidly and so typify the 
short-acting agent. Throughout the work, male, 
albino rats of the Carworth-Wistar strain were used. 
These animals weighed within the range of 35 to 50 
Gm. at the beginning of each study and did not 
exceed 65 Gm. at its completion. During the entire 
study the rats were kept in a small, ventilated, 
temperature-controlled room at 70° F. +5° 
They were maintained on Rockland diet and water, 
ad libitum, the only exception being those thymec- 
tomized, adrenalectomized animals which received 
normal saline instead of tap water. 

Dry-Heat Stress.——Twenty rats were thymecto- 
mized and, after a forty-cight-hour postoperative re- 
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covery period, these rats along with 20 controls 
were placed in individual wire baskets, which were 
inverted and arranged in a modified Latin square 
(7) design on two shelves of an altered incubator. 
The rats were so distributed that each thymecto- 
mized animal was adjacent to a control, both in col- 
umns and in rows. The incubator was fitted with a 
suitable inlet for air. Several thermometers were 
placed in the incubator at various locations to de- 
termine that there was an even distribution of heat 
in the oven. A small, six-volt, rubber-blade fan 
was placed on the floor of the incubator, serving to 
circulate the heat uniformly. The incubator was 
adjusted to 41° + 0.2° C. The rats were exposed 
to this heat for a maximum period of one hundred 
and twenty minutes. The survival time for each 
rat was determined by recording the mortality at 
five-minute intervals. The resultant data were 
plotted and the median lethal time (LTy) was 
calculated by the method of Litchfield and Wil- 
coxon (8). 

Reserpine-Induced Stress.—The use of reserpine 
as a stressor presented a solubility problem, since 
this agent is insoluble in water and only slightly 
soluble in nontoxic organic solvents. Propylene 
glycol was first tried but rejected since its adminis- 
tration resulted in the formation of tumorous growths 
at the site of injection. The character of these 
growths was not established since they were not 
examined for malignancy. Polyethylene glycol 
(“Carbowax” 200) was effective in solubilizing 
reserpine to the extent of 1.5 mg./ml. This rel- 
atively low solubility necessitated the injection 
of excessive volumes of solution, however. Serpa- 
sil Placebo Vehicle “C’' permitted a maximum 
concentration of reserpine of 2.5 mg./ml., and this 
vehicle was adopted as the solvent for this portion 
of the work. 

As in the work with dry heat, 30 rats were 
thymectomized and allowed to recover for a period 
of forty-eight hours. Reserpine alkaloid, in doses of 
25, 50, and 75 mg./Kg. of body weight, was injected 
intraperitoneally into three groups of ten animals 
each, and the mortality determined after four days. 
The same doses were administered in the same 
manner to a like group of control rats. The data 
for both groups of animals were then plotted and 
their median lethal doses calculated after the 
method of Litchfield and Wilcoxon. 

Intraperitoneal injections of 2 ml. of solvent alone 
in another group of rats seemed to be without 
biologic activity. 

Histamine-Induced Stress.—-In the work with 
histamine phosphate U. S. P., 30 rats were thymec- 
tomized and, after a forty-cight-hour recovery 
period, divided into three like groups of ten animals 
each. Distilled water was used as the solvent and 
injections were made intraperitoneally into the 
lower left quadrant of the abdomen. 

The histamine solution volumes were so adjusted 
that the injections did not exceed 1 ml. Dosage 
levels of 800 mg./Kg., 1,200 mg./Kg., 1,600 mg./ 
Kg., and 2,000 mg./Kg. were employed. 

The experimental procedure was the same as that 
followed in the work with reserpine, and the median 


! Serpasil Placebo Vehicle “C’’ was generously supplied by 
Cibe Pharmaceutical Products Co., Inc 


lethal doses were calculated again by the Litch- 
field and Wilcoxon method. 

Histamine-Induced Stress in Thymectomized, 
Adrenalectomized Rats..-Each of 30 rats was 
first bilaterally adrenalectomized then thymecto- 
mized a short time later, before regaining conscious- 
ness. This surgically-treated sample was then 
maintained on saline and allowed to recover for a 
period of forty-eight hours, following which it was 
divided into three groups of ten animals each. The 
groups were then subjected to dosage levels of 
800 mg./Kg., 1,200 mg./Kg., and 1,600 mg./Kg. of 
histamine phosphate. The number of animals suc- 
cumbing at each dosage level was determined after 
forty-eight hours and recorded. 

A similar group of thymectomized, adrenalecto- 
mized rats was maintained on normal saline for forty- 
eight hours following surgery, during which time 
0.25 mg. of desoxycorticosterone acetate (DOCA) 
in sesame oil was administered subcutaneously each 
day, beginning with the day of operation. This 
group was similarly divided into three groups of 
ten animals each. Dosage levels of 1,500 mg./Kg., 
2,000 mg./Kg., and 2,500 mg./Kg. of histamine phos- 
phate were injected intraperitoneally as in the 
previous determinations. The animals which suc- 
cumbed at each dosage level were counted at the 
end of forty-eight hours and the number recorded. 

Test for Completeness of Adrenalectomy.—In 
order to determine whether adrenalectomy was 
complete a random sample of six adrenalectomized, 
thymectomized rats, not used in the above deter- 
minations, was maintained on Rockland diet and 
normal saline for a period of twenty-four hours 
following surgery. At the end of this time, the 
saline was replaced with tap water and the mortality 
recorded during the next six days. The fact that 
all animals had succumbed at the end of this period 
was taken as evidence that adrenalectomy was com- 
plete. At the same time a control group of adrenal- 
ectomized, thymectomized rats was maintained on 
the same diet and saline for sixteen days following 
surgery, during which time no deaths occurred, 
providing ancillary evidence of completeness of 
adrenalectomy. 


RESULTS 


Table I shows the effect of dry-heat stress on 
both thymectomized and control rats. The LTw 
for control rats of ninety-six minutes with 19/20 
confidence limits of 87.8 to 106.2 minutes does not 
differ significantly according to significance of 
difference test (8) from the one hundred and five 
minute LT for the thymectomized group. 

Tables I] and III show the effect of reserpine- 
induced stress on control and thymectomized 
rats, respectively. The reserpine LDy for thy- 
mectomized rats of 62.0 mg./Kg. falls outside the 
19/20 confidence limits of control rats of 42.5 mg./ 
Kg. but does not differ significantly from the LDy 
of control rats according to significance of difference 
test. 

Tables IV and V show the effect of histamine- 
induced stress on control and thymectomized rats, 
respectively. The histamine LDy for thymecto- 
mized rats of 1,950 mg./Kg. falls within the 19/20 
confidence limits of the histamine LD, of control 
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Taste |.—Errect or Dry-Heat Stress ON THYMECTOMIZED AND CONTROL RATS 
Time No No Cumu 
in Dead, Dead, lative Cumalative % Resp % Resp 

Minutes Control Thymexed Control Thymexed Control Thymexed 

O- 85 0 0 0 0 0 0 
85-— 90 4 1 4 1 20 5 
90- 95 5 5 9 6 45 30 
95-100 5 4 14 10 70 50 
100-105 2 3 16 13 80 65 
105-110 3 1 19 14 95 70 
110-115 0 1 19 15 O5 75 
115-120 0 1 19 16 95 SO 


Median lethal time (L Tose 96.0 minutes (control rats). 
P 0.05 confidence limits—-87.8 minutes- 106.2 minutes. 
L. Tye for thymectomized rats—-105.0 minutes. 


II.—RESERPINE-INDUCED 
Rats 


STRESS IN 


Mortality / Tested 


Dose mg./Kg Response 
25 3/10 30 
5/10 50 
75 8/10 80 
L. Dee 42.5 mg./Ke 


P 0.05-——confidence limits (30.3 mg./Kg.-59.5 mg./Kg.) 


Tas_e III.—RESERPINE-INDUCED STRESS IN 
THYMECTOMIZED RaTs 


Mortality / Tested Response 


25 2/10 20 
5O 3/10 30 
75 6/10 


62.0 mg Ke. 


Tasie IV.—HIsTAMINE-INDUCED STRESS IN 


ContTROL Rats 
Dose mg./Kg Mortality/ Tested > Response 
800 2/10 20 
1,200 5/10 50 
1,600 6/10 60 


L —1320 mg./Kg 
P 0.05—confidence limits (713.5 mg./Kg—-2,442 mg 


Kg.) 


Tas_e V.—HISTAMINE-INDUCED STRESS IN 
THYMECTOMIZED RATS 


Dose mg./Kg Mortality/ Tested % Response 


800 1/10 10 
1,200 4/29 13.8 
1,600 9/29 31 
2,000 57.9 


11/19 


L. Dee 1,950 mg Kg. 


Tasie VI.—HtstTAMINE INDUCED STRESS IN 
THYMECTOMIZED-ADRENALECTOMIZED RATS 


Dose mg./Kg. 


Mortality/Tested % Response 
400 3/9 33 
700 4/9 44.4 
1,000 8/10 80.0 


L Dee —630 mg./Kg 


Tasie STRESS IN 
THYMECTOMIZED-A DRENALECTOMIZED 


Dose mg./Kg Mortality / Tested Response 


1,500 3/10 30 
2,000 6/10 60 
2,500 10/10 100" 


rats of 1,520 mg./Kg. and does not differ significantly 
from the latter according to significance of difference 
test. 

Table VI shows the effect of histamine-induced 
stress on thymectomized-adrenalectomized rats. 
The histamine L Dy for thymectomized-adrenalecto- 
mized rats of 630 mg./Kg. falls outside the 19/20 
confidence limits of the histamine LDso of intact, 
control rats of 1,320 mg./Kg., and differs signifi- 
cantly from the latter according to significance of 
difference test. 

Table VII shows the effect of histamine-induced 
stress on thymectomized-adrenalectomized rats 
maintained on DOCA. The histamine LD of 
thymectomized-adrenalectomized rats maintained 
on DOCA, which was 1,800 mg./Kg., falls within 
the 19/20 confidence limits of the histamine LD, 
of intact, control rats, which was 1,320 mg./Kg., 
and does not differ significantly from the latter 
according to significance of difference test. 


DISCUSSION 


Since there occurred no significant difference in 
stress resistance following thymectomy, it would 
appear that the thymus gland has little bearing on 
stress resistance. Moreover, it was shown that 
stress resistance can be restored from below nor- 
mal t* normal by the administration of adrenal 
cortie hormones to adrenalectomized animals 
without an attendant involution of the thymus 
gland. (This is true in the case of normal-thymus ani- 
mals which have been thymectomized.) This would 
indicate that the process of involution of the thymus 
gland is not essential to the return of normal stress 
resistance. Additional work is planned to deter- 
mine the resistance to stress of a group of rats with 
experimentally enlarged thymus glands. This 


should help to clarify the relationship between the 
thymus gland and stress resistance. 


MAINTAINED ON DOCA (0.25 mc./Day) 
€94.3% corrected value (Litchfield- Wilcoxon) 
L Dee—1,800 me. 
Dose mg./Kg 
.. 
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An Investigation of the Blood Coagulating Principles 
from Ceanothus Americanus* 


paper 
All 


of these acids possessed a diphasic blood coagulating action as determined by an 


C(canctias Americanus, used empirically in 

therapeutics for many years, has been inves- 
tigated principally for vasodepressor (1-3) and 
hemodynamic activity (1, 2, 4-7). In order to 
clarify the views on the blood coagulant property, 
the identification of the active principles was 
made. 

The purpose of this study was to separate and 
identify the acidic constituents of the plant in 
which the activity was found to reside, and to 
evaluate these acidic constituents for their blood 
coagulant property. 


EXPERIMENTAL 


Preparation of Plant Fractions.—(a) A hydro- 
alcoholic extract of Ceanothus Americanus was pre- 
pared by macerating 100 Gm. of the powdered root 
bark in a percolator for two days with 500 ml. of 
70% ethanol, previously warmed to 65°. After the 
extract was withdrawn, enough menstruum was 
passed through the percolator to make a total 
volume of 500 ml. (6) An acidic fraction was pre- 
pared using 35 Gm. of a strong Amberlite® ion ex- 
change resin, IRA-400. The resin was lightly 
packed into a 2 x 38-cm. glass column. One hun- 
dred ml. of the hydrealcoholic extract was diluted 
to 300 ml. with 70% ethanol and passed through the 
column. Elution of the acids from the resin was ef- 
fected by passing 300 mil. of 2°) sodium hydroxide in 
70% ethanol through the column. The effluent, 
containing the acidic constituents in an alkaline 
medium, was then passed through a strong cationic 
Amberlite exchange resin, IR-120, to remove the 
sodium ion. Three hundred ml. of effluent, con- 
taining the acidic constituents in alcoholic solution 
and appearing as an amber colored solution was 
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electrical conductivity method using the blood of calcium treated rats. 


collected, representing 20 Gm. of the root bark. 
(ce) Three hundred ml. of the effluent obtained by 
passing the hydroalcoholic extract through the IRA- 
400 resin column constituted the neutral-basic frac- 
tion. 

Paper Chromatography.—Chromatographic cham- 
bers consisted of an airtight battery jar (13 L.) in 
which a 4-L. beaker containing 50 ml. of solvent was 
placed. Samples (3-25.) were spotted at points 3.5 
em. apart on a line 5 cm. from the bottom of a 25 
x 25-cm. Whatman No. 1 filter paper. The diam- 
eter of the spot was kept constant. The ends of the 
paper were fastened to form a cylinder which was 
then placed in the 50 ml. of solvent and allowed to 
ascend for four and one half hours. After drying 
overnight at room temperature, the paper was de- 
veloped by spraying with bromocresol blue (40 mg./ 
100 ml. 95°; ethanol) 

Extensive preliminary chromatographic studies of 
certain known organic acids implicated oxalic, tar- 
taric, citric, malic, malonic, succinic, citraconic, or- 
thophosphoric, and pyrophosphoric acids as possible 
constituents of the acidic fraction. Comparative 
ascending one-dimensional paper chromatograms of 
the acidic fraction and certain known acids which 
were prepared using two different solvent systems are 
shown in Figs. 1 and 2. 

In order to establish the identity of the above acids 
in the acidic fraction, ascending two-dimensional 
paper chromatography was employed. Paper chro- 
matography of the acidic fraction (25d) using n-bu- 
tanol-acetic acid-water (4:1:1) and water-saturated 
phenol produced several acidic spots. These spots 
were eluted from the paper with distilled water. 
One-half of the total eluant was spotted separately 
and the other half spotted together with 5d of a 
known 1% acid at a point 5 cm. from adjacent edges 
of a 25cm. square, Whatman No. | filter paper. The 
paper cylinder was first placed into the water- 
saturated phenol, dried, and then placed in the 
n-butanol-acetic acid-water (4:1:1) solvent to run 
in the other dimension. One distinct spot occurring 
on each pair of chromatograms constituted a positive 
test for the acid. 
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1 Acidic fraction 
2 Succinic 

3 Malonic 
4 
5 


Tartaric 

Citric 

Lactic 
a-Ketoglutaric 
cis-Aconitic 


Pyrophosphoric 13 
Glycolic 
Citraconic 

Maleic 

Itaconic 

Pyruvic 


Malic 
Oxalic 
6 Orthophos 
phoric 


Fig. 1.-Drawing of comparative ascending one- 
dimensional paper chromatograms of the acidic 
fraction (25\) and known 1°% acids (3A) with water- 
saturated phenol. 
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Tartaric 

Citric 

Lactic 
a-Ketoglutaric 
cts-Aconitic 


1 Acidic fraction 


Pyrophosphoric 13 
Glycolic 14 
Citraconic 

Maleic 

Itaconic 

Pyruvic 


Succinic 

3 Malonic 

4 Malic 

5 Oxalic 

6 Orthophos 

phoric 

Fig. 2.—Drawing of comparative ascending one- 

dimensional paper chromatograms of the acidic 

fraction (25A) and known 1°, acids (3A) with »- 

butanol-acetic acid-water (4:1:1). 


Oxalic, malonic, malic, succinic, orthophosphoric, 
and pyrophosphoric acids were identified by this 
method. The R, values obtained by the two-dimen- 
sional chromatograms corresponded closely to those 
of the one-dimensional chromatograms shown in 
Figs. 1 and 2. 

A confirmatory identification test for phosphates 
was carred out by a color reaction. One-dimen- 
sional and two-dimensional chromatograms of the 
sodium salts of ortho-, meta-, and pyrophosphate, 
and the acidic fraction were prepared. Development 
of the chromatograms was carried out by a procedure 
described by Cramer (8). Blue spots appeared on 
the chromatograms at the sites of the ortho-, meta-, 
and pyrophosphate, and at two positions on the 
chromatograms prepared from the acidic fraction 
These corresponded to the Ry, values as previously 
determined for the ortho- and pyrophosphate. A 
phosphate test was also conducted which differen- 
tiates the pyro- from the ortho- and the metaphos- 
phate. The method used was that of Ando, ef ai. 
(9), employing paper chromatographic technique. 
The test indicated the presence of orthophosphate 
and traces of pyrophosphate. 

Chromatographic Estimation of the Acids of 
Ceanothus Americanus.——Quantitative assay of the 
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acids identified in Ceanothus Americanus was 
effected by the paper chromatographic method of 
Beerstecher (10) using n-butanol-acetic acid-water 
(4:1:1). The data in Table I show that succinic 
acid was present in the highest concentration, fol- 
lowed in order by oxalic, malonic, malic, orthophos- 
phoric, and pyrophosphoric acid. 

Blood Coagulation, General Procedure.—The 
method devised by Richardson and Bishop (11) 
which measures the electrical conductivity of blood 
as a means of determining blood clotting time was 
found to be most suitable. The blood coagulo- 
metric apparatus was constructed according to the 
specifications of its authors, with one exception. 
The oscillation rate of the platform per second was 6 
instead of 10. 

One ml. of blood was withdrawn from an etherized 
Sprague-Dawley rat by cardiac puncture with a 
mineral oil-coated, 23-gauge needle and a 1 ml. tuber- 
culin syringe. A stopwatch was started the instant 
the blood was withdrawn. The needle was removed 
and 0.5 ml. of blood was gently discharged into the 
blood chamber coated with mineral oil. 

Preliminary Blood Clotting Time Determinations. 

A number of preliminary tests indicated that the 
neutral-basic fraction given orally or added directly 
to blood was without clotting activity. The hydro- 
alcoholic and acidic fractions significantly reduced 
blood clotting time by about 25%. No apparent 
difference was observed in the clotting activity of 
these fractions when administered orally or added 
directly to blood. The latter findings are similar to 
those of Bishop and Richardson (7) who employed 
dogs. 

An important source of variation in blood clotting 
time in rats was observed during the course of 
the investigation. Certain amounts of oxalate added 
to the blood of mature rats significantly diminished 
clotting time, while the same amount of oxalate 
added to the blood of young rats (100-140 Gm.) 
prolonged clotting time. It was noted that the nor- 
mal blood clotting time of the young rats was ap- 
proximately the same as that produced by the addi- 
tion of sodium oxalate to the blood of mature rats 
(225-235 Gm.). 

It was found that by orally administering the 
young rats calcium gluconate, the blood clotting time 
after fifteen minutes was approximately the same as 
that of the mature rats. Oxalate added to the blood 
of these calcium treated rats significantly reduced 
clotting time. Very little effect was noted by cal- 
cium administration to mature rats. The data in 
Fig. 3 graphically illustrates the above phenomenon. 

Blood Clotting Activity of the Acids Identified in 
Ceanothus Americanus..-The acids identified in 
Ceanothus Americanus were tested as the sodium 


Taste I.—CONTENT OF AcIDS IN THE ACcIDIC 
FRACTION OF Ceanothus Americanus AS DETERMINED 
BY PAPER CHROMATOGRAPHIC ASSAY 


Acid 
Succinic 
Oxalic 
Malonic 
Malic 
Orthophosphoric 
Pyrophosphoric 


| | 
| 
gy 
| | 
11 
12 
| | 
| 
0.130 
0.051 
0.049 
0.088 
0.0005 
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salts at different concentrations for clotting activity 
using rat's blood. Since the blood clotting time in 
all groups of rats was apparently stabilized by 5% 
calcium gluconate, 1 ml./75 Gm. of rat weight was 
orally administered throughout the tests for both 
control and drug groups. Clotting time determina- 
tions were made by placing known amounts of the 
sodium salts of the acids (0.1 ml.) in the coagulom- 
eter tube immediately prior to the addition of the 
blood. Control and test runs were made alternately. 
The amount of salt to which the blood was added 
was expressed in terms of the weight of the free acid. 
Ten to fifty rats were used at each blood level of the 
salt. 

The results shown in Table II show the mean per 
cent change of each acid salt at different blood con- 
centration. All of the salts exerted a diphasic blood 
coagulant effect. Oxalate was the most active co- 
agulant, followed by orthophosphate, malonate, 
malate, and pyrophosphate which were about 
equally effective. Succinate was the least active. 
The oxalate and malonate exhibited the widest range 
of activity; however, the malonate curve was quite 
erratic. 

Blood Coagulating Activity of Combinations of 
the Acids of Ceanothus Americanus—Various com- 
binations of the acids were tested as the sodium 
salts for blood coagulating activity. The data in 
Table III indicate that the combined effect of the 
acids is merely additive. 

Blood Coagulating Activity of Itaconic Acid.— 


Itaconic acid, an unsaturated, hydroxy dicarboxylic 


acid was also tested as the sodium salt for blood 
clotting activity. A 10 mg. %% blood concentration 
diminished the clotting time of rat blood by 16.4% 
below 5 controls (significant at the 5% level). This 
finding suggests that unsaturation does not ap- 
preciably alter the effect of the dicarboxylic acids on 
blood coagulation. 


DISCUSSION 


The findings of Bishop and Richardson (6, 7) have 
demonstrated that certain amounts of a hydroalco- 
holic extract of Ceanothus Americanus administered 
orally or added directly to the blood of dogs exerted 
a coagulant effect which was attributed to removal of 
small amounts of blood calcium. Larger amounts 
of the extract prolonged clotting time. In this 
study, a similar coagulant effect of the drug was ob- 
served in rats, the maximum diminution in clotting 
time being approximately 25°}. 

The lack of uniformity in blood clotting time ob- 
served in different weight rats could be attributed to 
inherent differences in the level of blood calcium and 
calcium-complexing agents such as dicarboxylic and 
phosphoric acids. Variations in intestinal absorp- 
tion of these substances might be a contributing fac- 
tor. These assumptions are made in view of the fact 
that oral calcium gluconate administration to dif- 
ferent weight rats reduced the variations in clotting 
time. 

The diphasic hemodynamic nature of the dicar- 
boxylic and phosphoric acids, the active coagulating 
principles found in Ceanothus Americanus, suggests 


Tas_e CLorrine Activity oF THE Soprum SALIs oF THE AciIps oF Ceanothus Americanus 


ADDED TO THE BLOop oF CaLcrumM GLUCONATE* TREATED Rats 


Blood* Concn., 
Salt? mg. % 


Oxalate 


Malonate 


Malate 


Succinate 


Orthophosphate 
10 
20 
Pyrophosphate 5 
10 


No. of Animals¢ 


Clotting Time, Mean 
Change and S. E.*¢ Significance Level/ 
—11 9 0.01 
—23.; 6 0.01 
—16 4 0.01 
0.30 
Not 
significant 
0.10 
0.01 
0.10 
0.05 
0.01 
0.50 
Not 
significant 
.20 


S 
tom Coons 


Not 
significant 
0.05 
0.10 
0.10 
0.05 
0.20 


wo wo 


HHHHH HKHHHHHHH 


2 
0 


* Five per cent calcium gluconate (13.3 ml./Kg.) given orally 15 minutes before taking 


6 Sodium salt of acid was used. 
© One-half ml. of blood added to 0.1 ml. of salt solution. 


3 
8 
4. 
6 
6 
bi 


sample. 


4 One-half of the number were used as controls; clotting time 90-120 seconds. 


* Standard error of the mean per cent change. 
/ Student's test. 


A 
5 10 
10 12 
20 10 
“ae 30 10 
1.8 10 
4 5 10 
+ 10 30 
12.3 10 
18.3 10 
20 20 
30 10 
40 10 
4 5 10 
10 10 0.30 
15 10 0.05 
20 10 + 0.30 
ane 40 10 + 0.40 
10 —15,0 0.10 
15 10 -6 
10 
10 —19 
10 +10.0 0 
10 re 
re: 
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III.—Btoop Activity oF DIFFERENT MIXTURES OF THE SODIUM SALTS OF THE ACIDS 


Total® Blood 
Concn., mg. % 


Mixture 


Sodium Salts Ratio 


Oxalate : Malonate Sen 10 
Malonate : Succinate 1:1 16 
20 
Oxalate : Malate 1:1 10 
20 
Oxalate : Orthophosphate 1:1 10 
20 


Oxalate : Pyrophosphate 2:1 


All acid salts 


No. of Clotting Time, Mean 
Animals* ™ Change and S. E.4 Significance Level ¢ 


10 3. 0.05 

10 21.2 5. 0.05 

20 3.€ 0 

10 0 

10 0 

10 0 

10 0 

10 0 

10 Not 

significant 
0.01 
0.05 


10 
10 
10 


® Five per cent calcium gluconate (13.3 ml./Kg.) given orally 15 minutes before taking blood sample 


+ One-half ml. of blood added to 0.1 mil. of salt solution 
© One-half of the number were used as controls 
4 Standard error of the mean per cent change 
* Student's test 

/ An equal amount of the 6 salts were used. 


100-140 Gm. Rats 225-235 Gm. Rats 


Fig. 3.—Clotting response of blood from different 
weight rats after various treatments. [[] Normai; 
3 Na oxalate (10 mg. %) added to blood; &@ 500- 
750 mg./Kg. Ca gluconate, orally, 15 minutes prior 
to coagulation test; @ Na oxalate (10 mg. >) 
added to blood of Ca gluconate treated rats. 
I Standard error. Three to seven rats employed 
for each test. 


clotting time 90-120 seconds. 


that their mode of action is similar. The additive 
coagulant effect of mixtures of these acids supports 
this view. The apparent differences in molar ef- 
fectiveness and range of activity of these coagulants 
may be due to the dissimilarity in their ionic charge 
and /or ability to complex blood calcium. The blood 
coagulant effect observed using itaconic acid suggests 
that chemical unsaturation does not alter the clotting 
activity of certain dicarboxylic acids. 

Oxalate appears to be the most suitable coagulant 
on the basis of its greater range of activity and uni- 
form effectiveness. 


CONCLUSIONS 


The separation and identification of the acidic 
constituents from the hydroalcoholic extract of 
the powdered root bark of Ceanothus Americanus 
is presented. These substances consist of 4 di- 
carboxylic and 2 phosphoric acids, all of which 
possess blood coagulating activity. 
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The Flavonoid Constituents of Amphiachyris 
dracunculoides (DC) Nutt.* 


By HOWARD J. LEVIN} and LOYD E. HARRIS 


Utilizing a cation exchange resin, a crude flavonoid mixture was isolated from 


Amphbiachyris dracunculoides. 


The flavonoid mixture was separated into four dif- 


ferent compounds by paper chromatography and eluted. After acid hydrolysis, the 


flavonoid aglycons and the sugar moieties were chromatographed. 
ion spectral data were determined. Color reactions of the flavonoid com- 


absor 


Ultraviolet 


pounds in visible and ultraviolet light were recorded. From these data it is indi- 


cated that two of the com 


unds were flavone aglycons, one, a flavonol-3-glucoside, 


and the other, a flavonol bioside containing glucose and arabinose. 


mphiachyris dracunculoides (DC) Nutt., 

Compositae, known by the common names 
of Broom Weed and August Flowers (1), is an 
annual herb, native to the south central portion 
of the United States. The use of this plant as a 
home remedy for coughs and colds has been 
established for many years. An infusion is pre- 
pared from the dried branching portion of the 
plant which includes the flowers and leaves. 
The liquid obtained in this manner is sometimes 
thickened to a syrupy consistency by the ad- 
dition of a sufficient amount of sugar. A type 
of medicated cough drop has also been prepared. 

Two phytochemical investigations of the plant 
had been reported previously (1, 2). In 1933, 
Harris and Griffith (1) reported the presence of a 
glycoside in an ethanolic extract of the plant. 
The characteristics of this substance, however, 
were not determined. Later, Glasser, ef al. (2), 
reported an exhaustive investigation of the vola- 
tile oil present in the plant. 

The empiric use of an infusion of Amphiachyris 
dracunculoides suggested that any reported bio- 
logical action may be due to principles present in 
the water-soluble portion of the plant. The 
presence of flavonoid compounds in an aqueous 
extract was established by the writers. The 
current use of such compounds in the therapy 
of the common cold suggested a further investi- 
gation of this group of constituents. 


EXPERIMENTAL 


The samples of Amphiachyris dracunculoides used 
in this investigation were obtained from northwest 
Greer County, Oklahoma, and collected during 
August of 1956 and 1957. The parts of the plant 
used were the upper stems, leaves, and flowers; they 
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were air dried at room temperature and then reduced 
to a number 20 powder 

Steam Distillation and Water Extraction.—A 
muslin sack containing a 1,500-Gm. portion of the 
comminuted plant was placed in a Lloyd extractor 
and directly steam distilled until no more volatile 
oil was evident in the distillate. Following the 
steam distillation, the material was extracted with 
10-L. portions of boiling distilled water for two hours 
each. The extractions were continued until the 
Mg-HCl reduction test for the presence of flavonoid 
compounds (3) was no longer positive. A total of 
50 L. of a brown liquid was collected. This was 
strained through muslin and kept without any 
preservative at a temperature of 5° until ready for 
use 

Ion Exchange Adsorption.In order to separate 
the flavonoid constituents from the water extract, 
the method of Wender (4) was followed with modi- 
fications. Approximately 600 Gm. of Amberlite 
IRC-50(H),' a cation exchange resin in which 
activity is principally due to carboxylic acid groups 
in the hydrogen form, were reduced to a number 40 
powder. Two Pyrex columns were used, each con- 
stricted at its lower end and each fitted with a stop- 
cock. One column was 114 cm. in height and had an 
inner diameter of 4.50 cm., and the other column 
was 125 cm. high and had an inner diameter of 2.70 
em. Each column was packed with a 5-cm. layer of 
Pyrex wool, followed by 5 cm. of sea sand, and then 
filled with a slurry of the resin to a height of 97 cm. 
in the former and 105 cm. in the latter column. 

The 50 L. of water extract were percolated 
through the columns at the rate of 10 L./hour/sq 
dm. of resin. The solution that passed through the 
columns had about the same outward appearance as 
on entry, but it now gave a negative Mg-HCl reduc- 
tion test (3). During the percolation, the resin 
gradually acquired a yellow tint. The extract was 
followed on the columns with a wash of distilled 
water until the washings were colorless. The 
columns were then washed with 95°, ethanol in 
order to elute the flavonoid compounds. A total of 
8 L. of orange-brown colored hydro-alcoholic solu- 
tion was obtained. 

The hydro-alcoholic solution was concentrated to 
700 ml. This concentrate, now highly aqueous, 
contained some finely divided yellow solid and some 
sticky, dark-brown solid material. This mixture was 
diluted to 15 L. with distilled water, and to this was 


' Rohm and Haas Company, Philadelphia, Pa. 
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added 25 Gm. of solid potassium acetate in order to 
form the potassium salts of the flavonoid com- 
pounds. Some finely divided yellow-brown solid 
material appeared suspended, and a few drops of 
10% KOH were added to complete solution. The 
pH of the resulting solution was approximately neu- 
tral. The solution was percolated through the 
regenerated columns described above and treated in 
the same manner. Two liters of yellow colored 
hydroalcoholic solution were obtained. 

This solution was concentrated to about 100 ml. by 
distillation under reduced pressure. It now con- 
tained some yellow and brown solids. The mixture 
was diluted to 1 L. with distilled water and ex- 
tracted with n-butanol in a liquid-liquid extractor 
until the water mixture no longer gave a positive 
Mg-HCl test (3). The yellow n-butanol solution 
was concentrated to dryness by distillation under 
reduced pressure and the crude flavonoid mixture 
weighed 4.85 Gm. A melting point determination 
was attempted but proved unsatisfactory since the 
material softened over a considerable temperature 
range 


Paper Chromatography.—The descending method 
was used. Strips of Whatman No. | filter paper, 
having the dimensions 3.8 by 60.7 cm., were cut and 
about 200-400 yg. of the crude flavonoid mixture 
were applied to the paper, by spotting from 0.01 
0.02 ml. of a 2°; solution in ethanol at the 10 cm. 
origin line. After development, the compounds 
were detected by their varying shades of yellow and 
orange under ultraviolet light. 

Investigations using eight different solvent sys- 
tems showed that the best separation of the com- 
ponents of the mixture was achieved by using a 
solvent system composed of acetic acid-water, 3:2 
by volume. The average of twelve chromatographic 
determinations revealed four components designated 
Flavonoid A (Ry = 0.23 -— 0.29), Flavonoid B 
(Ry = 0.42), Flavonoid C (Ry = 0.56), and 
Flavonoid D (Ry = 0.72). 


Isolation of Flavonoids.-The same paper chromat- 
ographic procedure as described above was used 
with 0.06 ml. of a 2° ethanolic solution of the crude 
flavonoid mixture spotted on 110 strips. After 
development with the 60% acetic acid and air dry- 
ing, the strips were each cut into four segments, each 
segment containing one spot corresponding to one 
of the four flavonoid constituents. The segments 
were separated into four groups as designated, re- 
duced to a number 10 powder, and then extracted 
with ethanol for twenty-four hours in a Soxhlet 
apparatus. The resulting four fractions were con- 
centrated by distillation under reduced pressure and 
then dried to constant weight in a vacuum oven at 
60° over P,O;. The amounts recovered were 37.2 
mg. of Flavonoid A, 10.5 mg. of Flavonoid B, 14.0 
mg. of Flavonoid C, and 68.4 mg. of Flavonoid D. 


Hydrolysis of Flavonoids.—One-half of the ob- 
tained amounts of each of the flavonoids were hy- 
drolyzed with HCl. A suspension of each flavonoid 
and 10 mil. of distilled water containing 1 ml. of 
concentrated HCI were heated on a steam bath over- 
night in a 25-ml. round-bottom flask connected 
with a reflux condenser. After cooling to room 
temperature, the solid materials were filtered and 
dissolved in ethanol-ether, 1:1 by volume. The 
alcohol was removed by washing with water and the 
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ether solutions dried with anhydrous Na,SO,. The 
ether solutions were evaporated to dryness and the 
residues designated as Aglycons A, B, C, and D. 

Each original aqueous filtrate from the hydrolyses 
was extracted with five 10-ml. portions of ether and 
the HCl removed by shaking the solutions with 
AgeCO, (until the pH was neutral) and filtering 
through a layer of charcoal (5). The colorless fil- 
trates were concentrated, under reduced pressure, 
to volumes of 3 ml. each. 

Identification of Sugars.—-The filtrates from the 
hydrolysis of the flavonoid constituents were ex- 
amined with paper chromatography. The upper 
layer of the 2-phase solvent system of a mixture of 
n-butanol—acetic acid—water, 4:1:5 by volume, was 
used to develop the chromatograms. The chromat- 
ograms, after development for about seventeen 
hours, were sprayed with a solution of aniline hy- 
drogen phthalate in water-saturated n-butanol (6) 
and then dried at 100° for five minutes. Known 
sugars were used for comparisons. The paper 
chromatograms indicated that Flavonoids A and C 
contained no sugar, Flavonoid B contained glucose, 
and Flavonoid D contained glucose and arabinose. 

Ry, Values of Flavonoids and Aglycons.—Two per 
cent solutions of the hydrolyzed and unhydrolyzed 
flavonoids in ethanol were subjected to paper 
chromatography by use of the descending technique. 
Three solvent systems were used and the Ry; values 
determined. The results are shown in Table I. 

These results shown by paper chromatography in 
Table I verify the conclusions that Flavonoids A 
and C are aglycons and Flavonoids B and D are 
glycosides, but the R, values do not coincide with 
values of known compounds surveyed in the litera- 
ture. 

Spectral Data of the Flavonoid Compounds.— 
Ultraviolet absorption spectra of Flavonoids A, B, 
C, and D were measured in 95° ethanol. The 
concentrations of the solutions were 0.0025. The 
instrument used was the Beckman Model DU 
Spectrophotometer, Serial No. 61828, with the 
hydrogen discharge bulb as the light source, and 
values were plotted from 245 to 385 my. The silica 
cells used were 1.001 cm. wide 

The data obtained from the absorption spectra 
are reported in tabular form in Table II. The 
E(1%,1 cm.) values are given in respective order 
of the positions of maximum absorbance. 

From the spectral data obtained and its compari- 
son with data surveyed in the literature by the 
author, no exact comparisons were encountered. 
However, the positions of maximum absorbance 


Tasie I.—R, VALUES OF FLAVONOIDS AND 


AGLYCONS 


n-Butyl 
Alcohol- 
Acetic 
Acid-Water, Saturated 
4:1:5, by Vol. Ethyl Acetate 
Flavonoid A 0.93 
Flavonoid B : 0.02 
Flavonoid C 0 
Flavonoid D 7§ 0 
Aglycon A 0 
Aglycon B 7. 0 
Aglycon C 0 
Aglyvcon D 0 


Acetic 
Acid- 
Water, 3:2, 
by Vol 
0.29 
0.42 
0.56 
0.72 
0.29 
0.27 
0.56 
0.66 
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TABLE Data oF FLAVONOID 
CoMPOUNDS 


Positions of Maximum 


Compound Absorbance (my) E(1%,1 em.) 
Flavonoid A 258; 321 198; 93 
Flavonoid B 253; 325; 343 512; 279; 313 
Flavonoid C 273; 332 388; 281 
Flavonoid D 268; 345 293; 130 


shown in Table II are approximately within the 
known regions of maximum absorption for flavones 
and flavonols, 7. ¢., 240-260 my and 330-375 mau (7). 
From observations of the positions of the longer 
wavelength maxima, that is, on the basis of com- 
parison with spectral data of known flavonoids (7), 
Flavonoids A and C were flavones, and Flavonoids 
B and D were flavonols. 

Color Reactions of the Flavonoid Compounds.— 
The paper chromatograms of Flavonoids A, B, C, 
and D were examined under visible and ultraviolet 
light both untreated and after spraying with chromo- 
genic reagents. The reagents used were 1° solu- 
tions of sodium carbonate, aluminum chloride, 
neutral lead acetate, and basic lead acetate in the 
manner of Casteel and Wender (8). The colors 
produced by the chromogenic sprays for the four 
isolated flavonoid compounds are shown in Table 
Il. 


III.—-FLavonorp Compounps. CoLors Propucep BY CHROMOGENIC SPRAYS* 


1% Aqueous 
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These reactions also suggested the absence of a 5- 
hydroxyl group and the absence of any adjacent 
pair of phenolic hydroxy! groups 

Flavonoid D was indicated to be a flavonol glyco- 
side containing arabinose and glucose as previously 
determined by hydrolysis, spectral data, and Ry 
values before and after hydrolysis. It was observed 
from Table III that the glycosidic linkage was not at 
position 3. This was apparent from observation of 
the untreated chromatogram under ultraviolet light. 
This was substantiated by the colors obtained with 
aluminum chloride and neutral lead acetate 


SUMMARY AND CONCLUSIONS 


1. Four different flavonoid compounds have 
been isolated using the techniques of ion ex- 
change adsorption and paper chromatography. 
Two of these compounds have been hydrolyzed 
and shown to be glycosides by paper chromatog- 
raphy. Ry, values of the glycosides and aglycons 
were determined in three solvent systems. 

2. The sugar moieties of the flavonoid glyco- 
sides have been determined. One was shown to 
contain glucose and the other, glucose and arab- 


mose. 


Flavon Untreated NarCOs 1% Alcoholic AICI; 1% Aqueous PbAc 1% Aqueous PbOAc 
oi Vis U Vis U.V is U.V is U. Vv is U.V 
A Cc BY Cc I Cc Y Cc Y T 
Cc Cc YBr Y YG Cc YG PY I x I 
D Cc y Cc I YBr YG YG oO YBr OBr 


DISCUSSION 


Judging from the evidence obtained from paper 
chromatography, ultraviolet spectral data, and 
color reactions, Flavonoid A was a flavone aglycon. 
The absence of a visible color with aluminum chlo- 
ride indicated the absence of a 3- or 5-hydroxyl 
group and the absence of any adjacent pair of hy- 
droxyl groups in the molecule 

Flavonoid B was indicated to be a flavonol-3- 
glucoside. This conclusion was obtained from the 
orange-brown color observed under ultraviolet light 
when untreated, and the yellow color when treated 
with sodium carbonate solution. The yellow color 
obtained with aluminum chloride solution also indi- 
cated that either a hydroxyl group was present at 
position 5, or that an adjacent pair of hydroxyl 
groups were present elsewhere in the molecule. 
Spectral data and Ry values before and after hy- 
drolysis substantiated this conclusion. 

Flavonoid C appeared to be a flavone aglycon as 
shown by spectral data and paper chromatography. 
This was substantiated by the yellow-brown color 
observed on the untreated chromatogram under 
ultraviolet light, by the yellow color when treated 
with sodium carbonate solution, and by the absence 
of color when treated with aluminum chloride. 


a Colors symbolized as follows: C, colorless; B, bright, P, pale; Y, yellow; O, orange; Br, brown; I, ivory; G, green; T, tan 


3. Ultraviolet adsorption characteristics of 
the four flavonoid compounds have been recorded 
in tabular form. 

4. Color reactions of the four flavonoid com- 
pounds in visible and ultraviolet light have been 
determined and are presented in tabular form. 


5. The experimental evidence favors the con- 
clusion that two of the flavonoid compounds are 


flavone aglycons; one was indicated to be a 


flavonol-3-glucoside, while the other is apparently 
a flavonol bioside containing glucose and arab- 
inose. 
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The Application of Ultrasonic Energy to the 
Extraction of Belladonna Leaf U. S. P.* 
By PAUL E. WRAY and LAVERNE D. SMALL 


The ammoniated ether-alcohol maceration mixture of the powdered belladonna leaf 
U. S. P. XV was first subjected to a twenty-minute treatment with ultrasonic energy, 


having a vibrational frequency of 500 kilocycles per second. This treatment made 
it possible to eliminate the overnight maceration period and to obtain complete 
maceration of the drug in three hours in a Soxhlet extractor. A more efficient util- 
ization of these ultrasonic vibrations in a specially designed treatment vessel resulted 
in an additional saving of time. A chromatographic analysis of the material ex- 
tracted, with the aid of ultrasonic energy, failed to show any decomposition products 
of the alkaloids. The dried marc from the ultrasonic treated maceration samples 
showed some particle size increase, but the dried marc from the submerged ultra- 
sonic extraction samples showed some particle size decrease. The results obtained 
indicate that some extraction of the alkaloids of belladonna leaf U. S. P. is facilitated 


T= ACCELERATION of partition extraction by 

the application of ultrasonic energy was 
demonstrated in 1950 by Haul, Rust, and Lutzow 
(1). They noted that the use of ultrasonic 
energy considerably increased the amount of 
phenanthrene extracted from methyl alcohol by 
a petroleum fraction. 

In 1952 Lepeschkin and Goldman (2) studied 
the effect of ultrasonic vibrations on plant cells. 
The cells, when subjected to ultrasonic vibra- 
tions, exhibited increased permeability to several 
solvents. 

Specht (3), in 1952, and Schroder (4), a year 
later, extracted the bitter substances from hops 
with the aid of ultrasonic energy. Both noted 
a more efficient extraction of the hops resulting 
in a saving of time and material. Thompson 
and Sutherland (5), in 1955, reported the ex- 
traction of oil from crushed peanuts by hexane 
in the presence of a 400-kilocycle ultrasonic 
field. Then in 1956, Head, Beal, and Lauter 
(6) confirmed some of the evidence which had 
already been obtained in this investigation. 
They accomplished the extraction of Cinchona 
succirubra, notorious for its difficulty of ex- 
traction, by the use of ultrasonic energy. The 
results of these investigations in addition to 
other known effects of ultrasonic energy, such 
as agitation, increase of temperature, and a 
possible reduction of particle size seemed to 
warrant a study of the application of ultrasonic 
energy to drug extraction. It was decided to 
determine the usefulness of ultrasonic vibrations 
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by the application of ultrasonic energy. 
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in the extraction of belladonna leaf U. S. P. XV 
(7) and to ascertain, if possible, whether any 
lessening of the maceration or extraction periods 
were largely due to a reduction of the particle 
size of the drug. 

A chromatographic analysis of the alkaloids 
extracted with the aid of ultrasonic treatment 
was planned. It was thought that perhaps the 
heat and vibrational effects of the ultrasonic 
energy might decompose the alkaloids. The 
circular paper chromatographic procedure of 
Romeike (8) was used. This procedure was 
reported to give separation of atropine, scopol- 
amine, tropine, and scopoline. Thus, hydroly- 
sis products of atropine, such as tropine and 
tropic acid, could be detected by the Romeike 
method. 

Belladonna leaf U. S. P. XV was chosen for 
this study for two reasons. First, the alkaloids 
of Atropa belladonna L. are of major pharma- 
ceutical interest since they are widely used 
medicinally. Secondly, a reliable, official method 
of extraction and assay is available in the 
U.S. P. XV (7). The latter reason is of impor- 
tance because it would enable the investigator 
to compare accurately the influence of ultrasonic 
treatment on the extraction of alkaloids with 
recognized methods. 

The belladonna leaf was reduced to the proper 
state of subdivision, extracted, and assayed by 
the U. S. P. XV methods (7). The minimum 
time required to insure complete extraction of 
the drug following the official maceration and 
Soxhlet extraction procedure was then ascer- 
tained. Knowledge of this minimum time was 
necessary, since the excessive Soxhlet extraction 
of the sample would make accurate comparison of 
ultrasonic and official maceration procedures 
impossible. The duration of ultrasonic macera- 
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tion treatment necessary to replace the U. S. P. 
overnight maceration time was then determined. 

Newton and Kissel (9), in 1953, reported 
that the use of a submerged treatment vessel 
gave greater transmission of ultrasonic energy. 
A special treatment vessel was designed so that 
it could be completely submerged and would 
permit much of the energy from the crystal to 
pass through the sample without any of this en- 
ergy being reflected at the liquid-air interface 
(Fig. 1 b). This more efficient utilization of 
the ultrasonic energy permitted maceration and 
extraction of the drug in a single, relatively short 
operation. 


EXPERIMENTAL 


Materials.—The belladonna leaf U. S. P. XV was 
ground to conform to the specifications for a moder- 
ately course powder as described in U. S. P. XV 
(10). U. S. P. grade solvents and reagents were 
used. 

Equipment.—A Wiley Intermediate Model Lab- 
oratory Mill was used to grind the drug. The 
ground drug was mixed in a Patterson-Kelley Twin- 
Shell Blender, Model No. LB-1015. The sieves 
used were of the U. S. Standard Sieve Series made to 
the American Society of Testing Materials specifica- 
tions. A Cenco-Meinzer Sieve Shaker was also 
used. 

The ultrasonic generator used in these experiments 
was constructed by William S. Proudfit and de- 
scribed in his thesis (11). The ultrasonic generator 
operates at a frequency of 500 kc. It is composed 
of a radio frequency oscillator from which power is 
fed at high voltage to a quartz crystal immersed in 
an oil bath. During operation of the oscillator, the 
oil is circulated by means of a pump and is cooled by 
passing the oil through a coil of copper tubing that is 
placed in ice water. In these experiments, the gen- 
erator was operated at 2,400 volts plate voltage and 


133 ma. plate current applied to the type 4-250-A_ 


Eimac power tube. The output at the crystal face 
was 295 ma. The diameter of the crystal face is 
3.87 cm., therefore, the energy at the crystal face is, 
25.87 ma., percm*. Attempts were made to meas- 
ure the potential difference across the faces of the 
crystal, but an accurate measurement was impossi- 
ble. Detuning of the generator resulted when a 
vacuum tube volt meter was attached across the 
crystal faces. The detuning gave rise to consider- 
able heating in the generator. 

The material to be treated was placed in the 
treatment vessel, attached to an adjustable support, 
and lowered into the oil bath. Two types of ultra- 
sonic treatment vessels were used. 

The vessel used for ultrasonic maceration was a 
50-ml. treatment vessel obtained from Ultrasonic 
Engineering Company (Fig. 1a). It was a stainless 
steel cylinder with a thin steel (0.001 inch) dia- 
phragm in the bottom. The sides of the vessel were 
extended with a 6-inch piece of Pyrex tubing of cor- 
rect diameter attached by cellophane tape. This 
was added to prevent loss of material during the ul- 
trasonic treatment due to the violent agitation. 
The thin diaphragm was held in place by a retaining 
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Figure 1. 


ring and leakage was prevented by using neoprene 
gaskets. This vessel was operated on or near the 
surface of the oil in the oil bath. 

The extraction vessel was of the submersion type 
(Fig. 1 b). It was made of brass with 0.001 inch 
thick diaphragms at top and bottom which were 
held in place with retaining rings, and neoprene 
gaskets were used to prevent leakage. Filling was 
accomplished through the side tube. The volume 
of the vessel was 100 ml. The total volume de- 
pended on the amount of liquid in the side tube and 
was approximately 110 ml. 

Procedure.—The belladonna leaf, as obtained 
from the commercial supplier, was in a coarse state 
of subdivision. The drug was first thoroughly 
mixed in the Twin-Shell Blender for thirty minutes, 
then reduced to a moderately coarse powder in the 
Wiley Mill. 

Particle Size Distribution.—-The size distribution 
was obtained by using a series of sieves, numbers 
60, 80, 100, 140, 170, 200, and 230. The sieves, 
containing 100 Gm. of ground drug in the No. 60 
sieve, were shaken in the sieve shaker, with a medium 
sharp impact, for five minutes. The amount re- 
tained by each sieve was weighed on a Class A, 
torsion balance. A total of three determinations 
was made. The average weights of drug in the 
sieves are shown in Table I for the untreated drug 
The separate portions of the drug were recombined 
and mixed in the Twin-Shell Blender. Six 10-Gm. 
samples of the drug were extracted and assayed by 
the U.S. P. XV method. The alkaloid content was 
found to be 0.40°>. 

Extraction Time Following Overnight Macera- 
tion.—An experiment was designed to determine the 
minimum time necessary to extract the alkaloids by 
Soxhlet extraction following the official overnight 
maceration period. It was found that the full 
three-hour extraction period was necessary to remove 
the alkaloids in amounts equivalent to the U. S. P. 
XV method (Fig. 2). 
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TABLE I —ParticLe Size ANALYSIS OF PowpERED DrucG, Per CENT RETAINED BY SIEVE 


Drug 
Untreated 


60 
43.34 


100 


Ultrasonic 
maceration 27.05 
Ultrasonic 


extraction 28 80 9.40 


PER CENT ALKALOIDS EXTRACTED 


i 5 
90 120 150 180 


Fig. 2.— Extraction time (in minutes). ¢* U.S. P. 
method. x Ultrasonic method (5 Gm. Sample). 
* Ultrasonic method (10 Gm Sample). Comparison 
of U.S. P. and ultrasonic extraction methods 


30 60 


Ultrasonic Maceration.—A 10-Gm. sample of the 
previously sized powder was placed in the treatment 
vessel (Fig. la). Eight milliliters of strong am- 
monia solution was added to the powder and mixed. 
Twenty-five milliliters of 2:1 ether-alcohol macera- 
tion fluid was then added. The sides of the treat- 
ment vessel were washed down with a few milliliters 
of solvent, the vessel was attached to the adjustable 
stand, and lowered into the vibrating oil bath of the 
previously tuned ultrasonic generator. The dis- 
tance between the crystal face and treatment vessel 
was then adjusted for maximum turbulence of the 
maceration fluid. The maceration fluid reached 
boiling temperature after about five minutes of 
treatment. When this temperature was reached, 
the turbulence of the solution decreased noticeably. 
At the end of the desired exposure period, the slurry 
was removed and filtered. The moist drug was 
transferred to an extraction thimble and placed in 
the Soxhlet apparatus. 

The maceration liquid, together with sufficient 
ether to extract the drug, was placed in the flask 
under the Soxhlet apparatus. The material was 
extracted for three hours and assayed as described 
by the U. S. P. XV (7). Duplicate trials of the 
ultrasonic maceration were performed in a progres- 
sively timed series of two, five, ten, fifteen, and twenty 
minutes. The results of these macerations and 
extractions are shown in Fig. 3. 

The twenty-minute ultrasonic maceration was re- 
peated with 10 samples and the powdered drug was 
collected and dried overnight at 105°. The 100Gm. 
of dried drug were subjected to sieve separation. 
Some particle size increase was shown (Table 1). 
The extracts from three of the twenty-minute trials 


140 
7.95 


8.90 
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PER CENT ALKALOIDS EXTRACTED 


i i 

5 10 15 20 
Maceration time (in minutes) 

Fig. 3.—0.4% represents 100% of alkaloids ex- 
tracted by U. S. P. XV method. Effect of ultra- 
sonic maceration time on alkaloid extraction 


were assayed, and were found to contain 0.23% 
alkaloids. 

Ultrasonic Extraction.—A 10-Gm. sample of the 
ground belladonna leaf was treated in the manner 


described for the ultrasonic maceration. The 
sample and the ammonia-ether-alcohol solvent was 
placed in the submerged type treatment vessel 
(Fig. lb). The vessel was completely filled with 
ether, being careful to avoid bubbles in the vessel. 
The treatment vessel was attached to the adjustable 
stand and submerged in the oil bath of the previously 
tuned ultrasonic generator. The distance between 
the crystal face and the bottom of the treatment ves- 
sel was adjusted for maximum turbulence above the 
submerged treatment vessel and the sample was 
exposed for the desired length of time. The sus- 
pension was removed and filtered, the powdered 
drug washed with ether, and the washings added to 
the solvent. The total extract was assayed by the 
U. S. P. method (7). The above procedure was re- 
peated with 5-Gm. samples. Duplicate experiments 
were conducted for each treatment period. The re- 
sults of these extractions are shown in Fig. 2. 

Twenty 5-Gm. samples were subjected to a twenty 
minute submerged ultrasonic treatment using the 
above procedure. The treated, powdered drug was 
collected and dried overnight at 105°. A sieve sep- 
aration was done and the results indicated in Table I. 

Chromatography of Ultrasonic Extracted Alka- 
loids.—An alkaloidal extract, obtained by U. S. P. 
XV procedures was used as the reference standard. 
The extract was treated according to the U. S. P. 
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XV assay procedure (7) to the point of heating the 
evaporated chloroform extract on the boiling water 
bath. The alkaloidal residue was then dissolved in 
8 ml. of chloroform and transferred to a 10-ml. volu- 
metric flask with sufficient chloroform to bring the 
volume to 10.0 ml. Circular chromatograms were 
prepared from Whatman No. 1 filter paper using 
Romeike’s procedure (8). Twenty ul. of the chloro- 
form solution containing approximately 0.086 mg. 
of atropine were spotted in two successive 10-yl. 
portions. After developing and drying the chromato- 
grams, they were sprayed with Munier’s modification 
of Dragendorff’s reagent (12) and examined for 
zones of color. The only zone evident was that of 
atropine. Similar experiments were carried out with 
the twenty-minute ultrasonic maceration and ultra- 
sonic extraction solvents. On the chromatograms 
from both of these extracts, only the atropine zones 
were evident. 


DISCUSSION 


Ultrasonic energy was applied to extraction of 
belladonna leaf U.S.P. The results obtained with 
regard to the methods used, indicate a possible ex- 
planation of the beneficial effect observed. 

Increased agitation will speed extraction. Violent 
agitation was observed when a slurry of belladonna 
leaf in an ethereal solvent system was subjected to 
ultrasonic energy. This suggests one reason for 
speeded maceration and extraction. The tre- 
mendous acceleration imparted by ultrasonic energy 
indicates another reason. This acceleration of the 
particles would give rise to heating effects, and in- 
creased temperature will normally facilitate ex- 
traction. Cavitation took place during perform- 
ance of ultrasonic maceration in the open treat- 
ment vessel, and possibly occurred during extraction 
in the closed vessel, but could not be observed. 


Collapse of the cavities formed during cavi- 
tation causes pressure to be built up locally 
and this, also, tends to accelerate extraction. Re- 


ducing particle size will normally speed extraction 
procedures. In the case of submerged ultrasonic 
extraction, a particle size reduction occurred. This 
may be another reason extraction was speeded. 
Maceration by the described ultrasonic procedure 
caused an increase in particle size. Several ex- 
planations are possible. Apparently the surface 
treatment of the slurry did not permit as great an 
amount of ultrasonic energy to pass through due to 
damping of the waves at the upper liquid-air inter- 
face, as postulated by Newton and Kissel (9). This 
decreased energy in combination with the effect of 
cavitation is suggested as an answer. If a particle 
is subjected to pressure, as are the particles during 
cavitation, and the pressure suddenly released, the 
particle would tend to swell, Lack of sufficient 
energy to cause fragmentation would give the end re- 
sult noted, a particle size increase. If the energy 
level is higher, as it apparently is in submerged treat- 
ment, the swelled particle may be disintegrated with 
resulting particle size reduction. Although a particle 
size increase was shown, maceration time was 
shortened considerably. The contribution of each 
of these effects has not been firmly established and 
further investigation is necessary to determine the 
actual mechanism of ultrasonic extraction. 
Application of ultrasonic energy to drug extraction 


JOURNAL OF THE AMERICAN PHARMACEUTICAL ASSOCIATION 


Vol. XLVI, No. 11 


on an industrial scale would seem feasible. 
been accomplished in the brewing industry as pre- 


This has 


viously mentioned (3,4). Ultrasonic treatment gave 
more complete extraction in a shorter period of time 
than the official method. Results of these experi- 
ments indicate that submerged treatment is more 
efficient than surface treatment. Surface treatment 
for twelve minutes yielded 0.23% alkaloids, while 
submerged treatment for the same period of time 
gave 0.41% alkaloidal extraction. The submerged 
treatment would seem to be the method of choice for 
industrial scale and could probably be readily 
adapted to a “continuous flow”’ process. 


SUMMARY 


When the maceration slurry of belladonna 
leaf U. S. P. XV, is subjected to ultrasonic 
energy, the maceration time is shortened con- 
siderably. The eight-hour period (overnight) 
can be shortened to approximately twenty 
minutes and the subsequent Soxhlet extraction 
will yield an almost identical amount of alkaloids. 
The use of the described ultrasonic extraction 
procedures will yield a comparable amount of 
alkaloid in a greatly shortened time when com- 
pared with the official method. 

The decomposition of the alkaloids by the 
ultrasonic waves and their accompanying effects 
was not evident under the conditions employed. 
Normal hydrolysis products were not present 
in an amount sufficient to be detected by the 
chromatographic method used. 

Ultrasonic maceration with the surface treat- 
ment vessel resulted in some increase in par- 
ticle size, but ultrasonic extraction in the sub- 
merged treatment vessel indicated a decrease in 
particle size. 

The results obtained in these experiments 
indicate that the extraction of alkaloids of 
belladonna leaf U. S. P. is facilitated by the 
application of ultrasonic energy. The use of a 
submerged type treatment vessel may have com- 
merical application. 
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An Investigation of the Possible Potentiation of 
Ethinamate Activity by Chlorpromazine* 


By WILLIAM R. McGRATH} and HOWARD J. JENKINS 


Results of an attempt to determine the extent 
of the ability of chlorpromazine under specific 
circumstances to potentiate the hypnotic ac- 
tivity of ethinamate are presented. These re- 
sults are compared wis those pertaining to 
the extent of the ability of chlorpromazine to 
enhance ethinamate toxicity. 


T= PREVAILING VIEW apparently supports a 

qualitative rather than a quantitative differ- 
ence of action between sedative agents, such as 
the barbiturates, and the so-called tranquilizers. 
Chlorpromazine, one of the more widely used and 
investigated of the tranquilizers, has been found 
capable of potentiating narcotic activity and the 
effects of certain central nervous system depres- 
sants (1-3, 7-10). In spite of the number of 
reports in the literature with respect to chlor- 
promazine’s ability to potentiate the activity of 
such agents, there appears to be little informa- 
tion as to the extent of this ability. 

Coincident with the emersion of the tran- 
quilizers has been the appearance of a group of 
agents called nonbarbiturate hypnotics. The 
study reported in this thesis was chiefly con- 
cerned with the ability of chlorpromazine to 
potentiate the hypnotic activity of these agents 
and, if this were demonstrable, with the extent 
of the potentiation. The object of the study 
was to provide information relative to the advis- 
ability of combination therapy involving a tran- 
quilizer and a nonbarbiturate hypnotic with a 
view toward decreasing the dosage of the hypnotic 
agent. 


EXPERIMENTAL 


Two approaches were selected to determine the 
extent of the possible potentiation by chlorpro- 
mazine of the hypnosis of ethinamate, one of a series 
of aliphatic carbinols tested by Langdecker (4) and 
found to have hypnotic activity. In the first 
approach, the hypnotic dose of ethinamate for 50% 
of the injected animals (HD y.) was computed from 
results obtained upon injection of three dosage levels 
of the drug. Later, the HD of ethinamate when 
administered with chlorpromazine to the same ani- 
mal sample, and finally the HDy of ethinamate in 
the same animal sample when chlorpromazine was 


* Received March 7, 1958, from the Massachusetts Col- 
lege of Pharmacy, Boston 15. 

Presented to the Scientific Section, A. Pu. A., New York 
meeting, April, 1957. 

From a thesis submitted to the Massachusetts College of 
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degree of Master of Science. 

+ Present address: Department of Pharmacology, School 
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administered prior to ethinamate were determined. 
The ethinamate HD,y values representing combined 
effects were then compared with the HDs value for 
ethinamate alone. The pretreatment procedure was 
suggested by Mattis (5). 

In the second approach, prolongation of sleeping 
time was selected as an index of the extent of poten- 
tiation of ethinamate hypnosis by chlorpromazine. 
After the determination of the mean sleeping-time 
response of a group of animals to ethinamate, the 
ability of chlorpromazine, administered prior to and 
at the same time as ethinamate, to potentiate this 
mean response in the same animal group was deter- 
mined. 

The two drugs, because of their pharmacologic 
properties, lend themselves to this type of study. 
In therapeutic quantities, chlorpromazine exhibits no 
hypnotic activity and ethinamate hypnosis is rapid 
in onset and of brief duration (4, 6). Hence, pro- 
longation of sleeping time is easily detected and is 
theoretically, at least, a potentiation index of value. 

The original investigation plan recognized the need 
for a study of the combined effects of the two drugs 
with regard not only to hypnosis but also to blood 
pressure activity and acute and chronic toxicity. 
Since chlorpromazine possesses autonomic proper- 
ties which are manifest as antihypertensive activity, 
it was considered possible that ethinamate, which 
has no such activity of its own in therapeutic amount, 
might potentiate the hypotensive effect of chlorpro- 
mazine. The study reported was concerned, how- 
ever, only with the combined effects of the drugs on 
the hypnotic activity and the acute toxicity of ethin- 
amate. 

The test animals were male albino rats of the Car- 
worth-Wister strain which weighed approximately 
100 Gm. each at the beginning of the study and 275 
Gm. attheend. The rats were maintained on Rock- 
land rat diet and water, ad libitum, in a room whose 
temperature averaged 70° F. + 5°. 

Polyethylene glycol 200, reported to be a good 
ethinamate solvent (3), proved quite satisfactory 
as a vehicle. Distilled water was used as the sol- 
vent for chlorpromazine. All injections were made 
intraperitoneally into the lower left quadrant of the 
abdomen. The solutions were so prepared that the 
injection volume never exceeded 0.3 ml. 

The loss of the righting reflex, the rat failing to 
right itself after being turned over on its back, con- 
stituted the end point of the test. In the rats 
that responded in this manner, the onset of action 
of ethinamate was rapid, usually within one to two 
minutes after the injection was completed. It was 
observed that those rats sleeping in response to 
ethinamate alone exhibited slow, regular, and deep 
respiration; whereas those sleeping in response to a 
combination of ethinamate and chlorpromazine 
exhibited very rapid and shallow respiration, with 
little or no apparent abdominal breathing. 

The Litchfield-Wilcoxon (11) method was used 
for the statistical evaluation of the data of this part 
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of the study. Also the significance of difference 
test was applied to the individual HDy's and these 
were found to differ significantly from each other 
and from the reference value of ethinamate alone. 

At various intervals throughout the work the 
HD, of ethinamate alone was checked to make sure 
that the sample's responsiveness to ethinamate had 
not changed appreciably 

At the outset of the study, an attempt was made 
to evaluate the potentiating ability of chlorproma- 
zine in prolonging the sleeping time of rats respond- 
ing to ethinamate hypnotic effect. Because of the 
rather wide deviation from the mean of the induced 
sleeping times in the early work, subsequent attempts 
were abandoned in favor of the reduction of HDy 
method. The data of one of these sleeping-time 
determinations are included to show that chlor- 
promazine appears to prolong the sleeping time in 
ethinamate hypnosis. In this work all injections 
were made intraperitoneally. The data obtained 
with animals which received chlorpromazine ten 
minutes before ethinamate are reported since the 
previously presented results indicate that this pre- 
treatment interval is optimal for the greatest poten- 
tiating effect in terms of ethinamate HDy reduc- 
tion 

The next portion of the work was undertaken to 
learn to what extent chlorpromazine would lower the 
LDw» of ethinamate. Male albino mice weighing 
approximately 20 Gm. were used as the test animals 
in the evaluation of toxicity potentiation. The ani- 
mals were divided into three dosage groups of 10 
animals each after which they were injected intra- 
peritoneally with ethinamate alone. The results in 
terms of per cent response to each of the three dos- 
age levels were plotted on log-probability paper, and 
the LDyw read from the plotted curve. The LDw 
of ethinamate representing combination effects with 
chlorpromazine was determined by the same pro- 
cedure, except that chlorpromazine in different dos- 
age was administered either ten minutes prior to 
or at the same time as ethinamate. LDww's were 
computed according to the Litchfield-Wilcoxon 
method. 


RESULTS AND DISCUSSION 


The original HD» of ethinamate alone and its 
confidence limits are listed in Table I along with all 
subsequently determined ethinamate HD's, so 
that the original value can be compared with the 
latter. Figures 1 and 2 show, respectively, the 
effects of varying the interval between the adminis- 
tration of chlorpromazine and the administration of 
ethinamate and the combined effects of varying the 
dose plus the pretreatment interval of chlorproma- 
zine on the per cent reduction of the ethinamate 
HDy. The mean sleeping time of 30 rats which 
had been given 50 mg./Kg. of ethinamate was 26.1 
minutes. The 19/20 confidence limits of this mean 
were found to be 9.22 minutes to 42.89 minutes. 
In the same animal group when 3 mg./Kg. of chlor- 
promazine was administered ten minutes before the 
above dose of ethinamate was given, the mean sleep- 
ing time was increased to 45.65 minutes. This 
mean represents an increase of 42.6%. The de- 
crease in HD under similar experimental condi- 
tions was 38.8%. The rather wide confidence limits 
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TABLE I.—Tue Errect or Various COMBINATIONS 
WITH CHLORPROMAZINE ON THE ETHINAMATE HD y 


Reduc- 
tion 
from 
Refer- 
ence 
Procedure Obtained 
Reference 36.0 mg./Kg 
(ethinamate (31.0-41.8 mg./Kg.) 
alone) (19/20 Confidence 
limits) 
Ethinamate and 27.5 mg./Kg. 
3 mg./Kg. 27.5 mg./Kg." 23.6 
chlorproma- 
zine adminis- 
tered together 
3 mg./Kg. chlor- 22.0 mg./Kg 
promazine ad- 21.0 mg./Kg.* 38.8 
ministered 10 
minutes before 
ethinamate 
3 mg./Kg. chlor- 25.0 mg./Kg 
promazine ad- 26.0 mg./Kg.* 30.6 
ministered 20 
minutes before 
ethinamate 
3 mg./Kg. chlor- 29.0 mg./Kg 
promazine ad- 30.0 mg./Kg.* 19.4 
ministered 30 
minutes before 
ethinamate 
Ethinamate and 32.0 mg./Kg. 
1 mg./Kg. 30.0 mg./Kg.* 11.1 
chlorproma- 
zine adminis- 
tered together 
1 mg./Kg. 28.0 mg./Kg. 
chlorproma- 28.5 mg./Kg.* 22.2 


zine adminis- 
istered 10 min- 
utes before 
ethinamate 


* Duplicate determinations 


obtained, however, make this type of evaluation 
generally inadequate for determining the extent of 
potentiation. 

The LD» of ethinamate alone and in various com- 
binations with chlorpromazine are listed in Table 
Il. Figure 3 compares the per cent reduction of 
ethinamate HD,» and ethinamate LDy by like doses 
of chlorpromazine administered at the same time 
that ethinamate was given. Table III shows the 
effect of various combinations with chlorpromazine 
on the therapeutic ratio of ethinamate. Table IV 
presents evidence of the fact that the HDy of ethin- 
amate alone differs significantly from the HDy 
of ethinamate in each combination. It presents the 
same evidence of significant difference between the 
LD yw of ethinamate alone and the of ethinamate 
in each combination. 

In order to determine that chlorpromazine was not 
exerting any hypnotic or lethal effect of its own, 5, 
10, and 15 mg./Kg. doses, respectively, were admin- 
istered to three groups of 20 ratseach. No hypnotic 
or lethal effect was exhibited when chlorpromazine 
was administered in these amounts. Since these 
doses are up to 5 times the amount administered in 
the actual experimental work, it was assumed that 
chlorpromazine was not exerting any effect of its 
own. 

Tests were also conducted in which 2 ml, of the 
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PER CENT REDUCTION OF HDw 


10 20 30 


TIME INTERVAL IN MINUTES (3 MG./KG 
CHLOROPROMAZINE) 


Fig. 1.—-Effect of varying the time of pretreat ment 
on the ability of chlorpromazine to reduce the 
HD,» of ethinamate. 


Il.—Tue Errect or Varrous COMBINATIONS 
WITH CHLORPROMAZINE ON 


L Dee Obtained, 
324 
(300-344 . 4) 
(19/20 confidence 
limits) 
270 16 


Reference LD» 
(ethinamate 
alone) 


Ethinamate and 
3 mg./Kg. chlor- 
promazine admin- 
istered at the same 
time 
mg./Kg. chlorpro- 
mazine adminis- 
tered 10 minutes 
before ethinamate 

Ethinamate and 1 
mg./Kg. chlorpro- 
mazine adminis- 
tered at the same 
time 


Tasie III.—-Ratios or ErHinaMaTe TO HD» 
IN VARIOUS COMBINATIONS WITH CHLORPROMAZINE 


treatment 
Interval, 
Drug(s) min 


LDw/HDse 
Ratio 


324 mg Kg. 
36 mg./Kg. 


Ethinamate-3 270 
270 mg./Kg. 
mg./Kg. C. P. ng 
27.5 mg./Kg. 


Ethinamate-3 
mg./Kg. C. P. 
Z. 


Ethinamate 


280 mg./Kg. 
22 mg./Kg. 


Ethinamate-1 
ing./Kg. C. P. 


320 mg./Kg. 
32 mg./Kg. 


ScrENTIFIC EpIrioN 


w 


3 


PER CENT REDUCTION OF HDw 


10 
TIME INTERVAL IN MINUTES 


Fig. 2.—Dose as a factor in the ability of chlor- 
promazine to reduce the HD» of ethinamate. 
3 mg./Kg.; —-—-— 1 mg./Kg. 


PER CENT REDUCTION 


DOSE OF CHLORPROMAZINE 
(MG./KG.) 


Fig. 3.—Ability of chlorpromazine to reduce 
the HD» of ethinamate compared with its ability 
to reduce the LD». ——— 


Carbowax solvent were administered to a group of 20 
~«ts. In this volume, which represents almost 7 
times the largest injection volume in the experi- 
mental work, the solvent seemed to be without 
biologic activity. 

Essential criteria for the evaluation of combination 
therapy in this instance are the magnitude of the 
hypnosis-potentiating ability of the tranquilizer, 
indicated by the comparative effectiveness of the 
hypnotic administered alone, at the same time as or 
shortly after the tranquilizer; and the extent of the 
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Tasie IV.—SIGNIFICANCE OF DIFFERENCE BETWEEN THE HDy oF ETHINAMATE ALONE AND THE 
(LDw) OF ETHINAMATE tn COMBINATION 


Procedure 
Ethinamate (alone) 


Ethinamate and 3 mg./Kg. chlorpromazine 
administered together 


3 mg./Kg. chlorpromazine administered 10 
minutes before ethinamate 


3 mg./Kg. chlorpromazine administered 20 
minutes before ethinamate 


3 mg./Kg. chlorpromazine administered 30 
minutes before ethinamate 


1 mg./Kg. chlorpromazine administered 10 
minutes before ethinamate 


Procedure 
Ethinamate (alone) 


Ethinamate and 3 mg./Kg. chlorpromazine 
administered at same time 


3 mg./Kg. chlorpromazine administered 10 
minutes before ethinamate 


HDs, Potency Ratio* 
mg./Ke fHDse (P. R.) 
36.0 1.16 


1.24 


1.28 


28.0 28 

mg./Kg. {L Dee 
324 1.06 


1.05 


Potency Ratio 
(P. RD) 


324 
270 
324 
280 


270 


280 1.16 


* In Litchfield-Wilcoxon method if P. R. exceeds {P. R., HDse (L.Dse) values differ significantly. 


ability of the tranquilizer to reduce the lethal dose of 
the hypnotic. 

The study was therefore concerned with signifi- 
cant increase in hypnotic potency of ethinamate 
when the two agents were administered together, 
over the hypnotic potency of ethinamate admin- 
istered alone, and also with significant increase in the 
duration of hypnotic activity of ethinamate in the 
combination over the duration of this action of 
ethinamate alone. It was likewise concerned with 
significant increase in the toxicity of ethinamate in 
the combination over the toxicity of ethinamate 
alone. 


SUMMARY 


1. The ability of one of the tranquilizers, 
chlorpromazine, to potentiate the hypnotic 
effectiveness of one of the nonbarbiturate hyp- 
notics, ethinamate, was measured in two ways: 
by reduction of the HD dose of ethinamate and 
by increasing the mean sleeping time response of 
rats to a specific dose of ethinamate. 

2. The potentiating ability of chlorpromazine 
with respect to ethinamate hypnotic activity was 
determined according to these indexes when the 
two drugs were administered at the same time, 
and also when ethinamate was administered at 
various times following chlorpromazine adminis- 
tration. 


3. The data presented indicate that chlor- 
promazine is capable of potentiating ethinamate 
hypnotic effectiveness and, at the same time, 
point to the extent of this capacity, which seems 
to vary with the interval between the preadmin- 
istration of chlorpromazine and the administra- 
tion of ethinamate and, of course, with the dose of 
the potentiator. 

4. Toxicity studies indicate that chlorpro- 
mazine potentiates the toxicity of ethinamate, 
although to a lesser extent than it potentiates the 
hypnotic effectiveness. 
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Comparative Activities and Toxicities II." 


Sugar and Amino Acid Derivatives of Bis-(4-aminopheny])-sulfone 


By WILLIAM O. FOYE, WINTHROP E. LANGE, and EDWARD G. FELDMANN 


The acute toxicities and antibacterial activities of the various sugar derivatives of bis- 
(4-aminopheny])-sulfone have been compared with those of several a-amino acid 


derivatives. 


For this purpose, it was necessary to synthesize a-amino acid deriva- 


tives and to place the reported toxicity values for the sugar derivatives on a standard 


basis. 


It was found that the a-amino acid substituents were less effective in re- 


ducing the toxicity of bis- than the sugars, but there was 


a comparable retention o 


A COMPARISON of sugar and a-amino acid 
derivatives of nitro- and aminosalicylic acids 
has revealed that the a-amino acids are as effec- 
tive as the sugar substituents in lowering toxicity 
and give a slightly better retention of anti- 
tubercular activity (1). In order to make a 
similar comparison between the corresponding 
derivatives of the toxic bis-(4-aminopheny]l)- 
sulfone (2), the activities and toxicities of various 
sugar derivatives have been obtained from the 
literature, while it was necessary to synthesize 
and have tested several a-amino acid derivatives. 
A reaction product of bis-(4-aminopheny])- 
sulfone and glucose, of undetermined structure, 
was reported by Buttle (3) in 1938. This product, 
probably the bis-glucose anil, was described as 
having about half the activity of the parent sub 
stance against pneumococcal infections when 
given orally, and the lethal toxicity was listed as 
50-100 mg. in 20-Gm. mice. Boyland (4), using 
Buttle's product, listed the toxic dose as ten times 
that of bis-(4-aminopheny])-sulfone itself. Based 
on reported values (5) for the toxicity of bis-(4- 
aminophenyl)-sulfone = 200-500 mg./Kg. 
in mice), Boyland’s toxicity for the bis-glucose 
anil becomes approximately 2.5 Gm./Kg. for the 
LDso in mice, which agrees with the lower limit 
of toxicity reported by Buttle for this compound. 
The oral toxicity of the bis-glucose-sodium 
bisulfite addition product of bis-(4-aminopheny])- 
sulfone (Promin) was listed by Banks and Gruhzit 
(6) in 1948. The LD, for the parent sulfone was 
given as 12.6 mg. and for the addition product 
as 130 mg. per 20-Gm. mouse. These values 
may be extrapolated to give an LDs of 630 
mg./Kg. for the parent sulfone and an LDs of 
6.5 Gm./Kg. for Promin when given orally to 
* Received April 25, 1958, from the Massachusetts 
College of Pharmacy, Boston, the Division of Pharmacy, 
South Dakota State College, Brookings, and the Division of 
Chemistry, American Dental Association, Chicago, II! 
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meeting, April 1958. 
The authors are very grateful to Drs. K. K. Chen, R. C 
Anderson, W. S. Boneice, and F. Komann of the Lilly Re- 
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determinations and antimicrobial testing. 


antitubercular activity with both types of derivatives. 


mice. Although the LDs value obtained for 
bis-(4-aminopheny])-sulfone ~by these investi- 
gators is slightly larger than that listed by Smith 
or Raiziss (5), the sugar derivative again has a 
toxicity about one-tenth that of the parent com- 
pound. The therapeutic index, however, deter- 
mined against 8-hemolytic streptococci, remained 
unchanged in the case of Promin, where the lowest 
M. E. D. was also ten times that of the parent 
sulfone. 

Sah (7) reported in 1949 the preparation of a 
condensation product of L-ascorbic acid with bis- 
(4-aminophenyl)-sulfone. The LDs of this prod- 
uct was given as 987.7 + 94.8 mg./Kg. in mice 
orally. In comparing this compound with bis- 
(4-aminopheny])-sulfone and its sugar derivatives, 
Sah listed the following order of decreasing chronic 
toxicities: bis-(4-amimophenyl)-sulfone, 
galacturonyl derivative, Promin, and the ascorbic 
acid derivative. This order is put in question 
somewhat by the acute toxicity of Promin ob- 
tained by Banks and Gruhzit (one-tenth that of 
the parent sulfone), since Sah states his ascorbic 
acid derivative to have one-fourth the toxicity 
of the parent sulfone (both values for mice orally). 
In a later publication of Kumler and Sah (8), 
however, the LDs of the ascorbic acid derivative 
is reported as 1.0-2.6 Gm./Kg. (orally in mice) 
without explanation. The chemotherapeutic ratio 
of the bis-L-ascorbate compared to that of the 
parent sulfone was given as 3:2. 

Costantino and Callerio (9) also made a com- 
parison of various sugar derivatives of bis-(4- 
aminopheny])-sulfone and included a galactoside 
(Tibatin). The ‘‘argest tolerated doses’’ in the 
mouse listedon a Gm./Kg. basisare as follows: bis- 
(4-aminophenyl)-sulfone, 0.5 Gm./Kg. (orally); 
the galactoside, 10 Gm./Kg. (intravenously 
and intraperitoneally); Promin, 5 Gm./Kg. 
(intravenously) and 7.5 Gm./Kg. (intraperitone- 
ally). The toxicity of the parent sulfone agrees 
fairly well with the values reported by Smith 
(5) and by Banks and Gruhzit (6), although 
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different routes of administration were used. 
The toxicity of Promin also compares quite well 
with the previously reported value (6), and the 
ratio of toxicity of the parent sulfone to that of 
Promin is again ten to one. From this report, in 
addition, it appears that the galactose derivative 
would be one-half to three-fourths as toxic as 
Promin when administered orally. 

Despite the confusion resulting from different 
methods of toxicity determinations, different 
means of reporting them, and in some cases the 
use of uncharacterized products, it has been pos 
sible by extrapolation of data to make a direct 
comperison of the toxicities of sugar derivatives 
of bis-(4-aminophenyl)-sulfone using a standard 
basis. This is shown in Table I. 

The use of a-amino acids for the purpose of 
detoxication has not been investigated seriously, 
although Parrod (10) has reported the prepara- 
tion of the mono- and bis-d/-alanyl derivatives of 
bis-(4-aminophenyl)-sulfone. The mono deriva- 
tive showed both one-third the toxicity in the 
mouse and one-third the activity of the parent 
sulfone toward tuberculosis bacilli, while the bis 
derivative was inactive. This result indicates 
that at least one free amino group is necessary 
on the aromatic rings for bacteriostatic activity 
and that side-chain amino groups are ineffective. 

Several a-amino acid derivatives were there- 
fore synthesized for further comparison, namely 
the bis-4-glycyl, the mono-4-phenylalanyl, and 
the bis-4-glyeylglycyl derivatives, the first two 
in sufficient quantities for biologic testing. The 
bis-glycyl derivative was found by Dr. R. C. 
Anderson to have an LD w of about 800 mg./Kg. 
in mice intraperitoneally, while the mono-di- 
phenylalanyl derivative caused no deaths at a 
dose of 1,666 mg./Kg. The bis-glycyl derivative 
was screened against 38’ »oorganisms and found 
to inhibit none of ther a concentration of 
200 ywg./ml., using the agar dilution technique 
Both the a@-amino acid derivatives showed pos- 
itive activity in experimental mouse _tuber- 
culosis, however, of the same order of activity as 
that from  bis-(4-aminophenyl)-sulfone itself. 
These biological determinations were carried out 
at the Lilly Research Laboratories; and the tox- 
icities of the known a-amino acid derivatives are 
listed in Table IT. 


METHOD OF PREPARATION 


The general synthetic procedure followed for the 
e-amino acid derivatives involved the acylation 
of bis-(4-aminophenyl])-sulfone with a-phthalimido 
acid chlorides followed by hydrazinolysis of the 
phthaloyl groups. Attempts to carry out acylation 
with phthalimidoacetyl chloride in refluxing ben- 


I.—Acutre Orat Toxiciriges OF SUGAR 
DERIVATIVES OF Brs-(4-AMINOPHENYL )-SULFONE 


Bis- (4-aminopheny]) LDw ( Mice) 
sulfone Derivative Gm. Ke Ref 
Bis-(4-aminopheny] )-sulfone 5 3-5 
Bis-glucose anil 2.5-5.0 3,4 
Bis-glucose-sodium bisulfite 
addition compd 6.5 6,9 
Bis-L-ascorbic acid deriv 1.0-2.6 7,8 
i2 9 


Bis-galactoside 


TaBLe II.—-Acute ToxiciTres OF a-AmMINoO AcID 
DERIVATIVES OF Bis-(4-AMINOPHENYL )-SULFONE 


Mode of 
Bis-(4-aminopheny! (Mice Administra 
sulfone Derivative Gm. Ke tion 
Mono-dil-alanyl amide 1.5 Oral 
Bis-glycyl amide 0.8" Intraperitoneal 
Mono-dil-phenylalany! 
amide Intraperitoneal 


* Determined at the Lilly Research Laboratories by Dr. R 
C. Anderson and Boneice 


zene-pyridine solution failed, and in glacial acetic 
acid with sodium acetate, only a 23‘, vield of de- 
sired _ 
was obtained Using pyridine as solvent at 0°, 
however, to form the acy! pyridinium halide, a 76°, 
yield was obtained, and the decomposition previ- 
ously noted was minimized 

Diacylation involving both amino groups resulted 
from the reaction with phthalimidoacety! chloride, 
but in the reaction with N-phthaloylphenylalany! 
chloride, only mono-acylated product was isolated, 
in 71°, yield, In the preparation of the glycylglycy] 
derivative, phthalimidoacety! chloride was allowed 
to react with bis-(4-glycylaminopheny!])-sulfone 
This procedure avoided formation of the acid chlo- 
ride of a dipeptide, which easily undergoes azlactone 
formation. Although the bis-glycyl derivative was 
sparingly soluble in cold pyridine, a fair vield of the 
bis-phthaloylglycylglycy! derivative resulted. Re- 
moval of the phthaloyl groups with hydrazine hy- 
drate gave yields of 80-93 in general. The physi- 
cal properties of the sulfones prepared are listed in 
Table III. 


EXPERIMENTAL 


Bis - ( 4- phthalimidoacetamidopheny] )- sulfone. 
In a three-necked flask equipped with an Ace Tru 
bore stirrer was placed 2.5 Gm. (0.01 mole) of bis- 
(4-aminopheny])-sulfone (Bios Laboratories) and 
50 ml. of dry pyridine. The solution was cooled to 
0°, and 4.5 Gm. (0.02 mole) of phthalimidoacety! 
chloride (11) was added during ten minutes with 
stirring. The resulting solution was stirred for 
four hours at 0° and then poured into 250 ml. of 
cold water containing 25 ml. of sulfuric acid. The 
white precipitate was collected, washed with water, 
and recrystallized twice from glacial acetic acid, 
giving 4.7 Gm. (76%) of product which did not 
melt below 300°. 

Bis-(4-aminoacetamidopheny] )-sulfone.—-A__mix- 
ture of 2.0 Gm. (0.003 mole) of bis-(4-phthalimido- 
acetamidopheny!])-sulfone, 0.4 Gm. (0.008 mole) of 
85% hydrazine hydrate, and 20 ml. of water was 
stirred magnetically at 100° for three hours. The 
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R! 
Phthaloylglycy! 


Glycyl Glycyl 


Phthaloylphenylalany! H 
Phenylalany! H 
Phthaloylglycylglycy] Phthaloylglycylglycy! 


Glycylglycy] Glycylglycyl 
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O 
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Melting Analyses, 
Calca Found? 
C61 

H 3.56 

Cs 

H 5 

C 66: 


Formula 


5 08 


® The melting points were taken on a Fisher-Johns block and are uncorrected. 
6 The analyses were carried out by Weiler and Strauss, Oxford, England 


resulting solution was cooled and acidified with 20% 
hydrochloric acid. The precipitated phthaloyl 
hydrazide was removed, and the filtrate was made 
basic with 10% sodium hydroxide solution. The 
resulting crystalline solid was isolated, dried, and 
recrystallized from absolute ethanol, yielding 1.0 
Gm. (93%) of product which melted at 225-227°. 
4-Aminopheny] - 4’- ( «- phthalimido-3- phenylpro- 
pionamidopheny] )-sulfone.—-A solution of 2.5 Gm. 
(0.01 mole) of bis-(4-aminophenyl)-sulfone and 50 
ml. of dry pyridine was made by slight warming, 
and then cooled to 0°. The solution was treated 
with 6.4 Gm. (0.02 mole) of d/-a-phthalimido-s- 
phenylpropionyl chloride (11) in the manner de- 
scribed above, and the white solid obtained was 
recrystallized from acetone-Skellysolve B solution. 
The yield was 3.7 Gm. (71%) of product melting at 
234-236°. A positive test for primary amino 
group was observed by the diazotization procedure. 

4- Aminophenyl- 4’- (a- amino- 8- phenylpropion- 
amidophenyl)sulfone.—The derivative described 
in the preceding paragraph (3.7 Gm., 0.007 mole) 
was treated with 85°, hydrazine hydrate (0.5 
Gm., 0.01 mole) and 25 ml. of water as previously 
described. The resulting white, crystalline solid 
was recrystallized from 95% ethanol, and 2.4 Gm. 
(89%) of product was obtained which melted at 
176-178°. 

Bis - (4 - phthali yl )- 
sulfone.—-A solution of 2.5 Gm. (0.007 mole) of 
bis-(4-aminoacetamidopheny])-sulfone in 75 ml. of 
dry pyridine was treated at 0° with 3.2 Gm. (0.014 
mole) of phthalimidoacetyl chloride and_ stirred 
for six hours at 0° and for two hours while warm- 
ing to room temperature. After the solution was 
poured into cold water (300 ml.) containing 40 ml 
of sulfuric acid, a white solid was collected, washed 
with water, and recrystallized from absolute 
ethanol. A yield of 2.0 Gm. (38%) of product was 
obtained which melted at 255-257° 

Bis - (4 - ami etamidoacetamidopheny] ) - sul- 
fone.—The hydrazinolysis already described was 
carried out on the preceding product, and a white, 
crystalline solid was obtained in 80% yield after 
recrystallization from absolute ethanol; m. p. 201- 
204° with decomposition. 


et t 
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SUMMARY 
1. Several a-amino acid amides of bis-(4- 
aminopheny])-sulfone, namely the bis-glycyl, the 
mono-phenylalany], the bis-glyevlglyeyl, 
The use of a-phthalimi- 
doacyl chlorides was suitable for this purpose. 
2. Acute toxicity values for the sugar deriva- 
tives of bis-(4-aminophenyl)-sulfone reported in 
the literature have been expressed as oral LDyw 
values for mice and compared. 


and 
have been prepared. 


3. Acute toxicity values and antibacterial 
activities of the a-amino acid derivatives have 


been obtained. Whereas no in vitro activity 


against microorganisms was shown by the bis- 
glycyl derivative, both the mono- and bis- a- 
amino acid derivatives showed in vivo antituber- 
cular activity on a par with the parent sulfone. 


4. The a-amino acid derivatives do not lower 
the toxicity of bis-(4-aminopheny])-sulfone to the 
extent that the sugar derivatives do, but they 
show a comparable retention of activity against 
experimental tuberculosis in mice. 
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833 
> S—-NH—R! 
= | 
H 4.41 6.77 
176-178° C C 63.77 63.76 
H 5.35 5.53 
255-257° Cc C 58 69 58.30 
H 3.838 3.81 
(dec. ) 4.84 


A Note on Several New Alkaloids from Vinca rosea Linn. I: 
Leurosine, Virosine, Perivine* 
By GORDON H. SVOBODA 


inca rosea Linn. (Catharanthus roseus G. Don., 

Lochnera rosea (Linn.) Reichb.) is an erect ever- 
blooming pubescent herb or subshrub, 1-2 feet 
high. It is cosmopolitan in the tropics and is cul- 
tivated in gardens in many areas.' 

Several alkaloids have been recently isolated from 
this plant (1-4). The isolation of three new alka- 
loids, leurosine, virosine, and perivine,? is herein re- 
ported. Extraction of the crude drug was accom- 
plished by inthantely mixing the dried whole plant 
with a solution of 2% tartaric acid. The weak 
bases were extracted with benzene. After partial 
purification by the usual acid-base treatment, the 
crude alkaloidal mixture was chromatographed on 
alumina. This weak base fraction yielded tetra- 
hydroalstonine, tetrahydroserpentine, leurosine, and 
virosine 

Extraction of the drug with benzene, after it was 
made alkaline with gaseous ammonia, yielded the 
stronger bases. Column chromatography of this 
alkaloidal mixture yielded perivine and lochnerine. 

Pertinent physical data of these new alkaloids 
are as follows: 

Leurosine. 
cules of water; 
203° (decompn.). 
following : 


Leurosine crystallizes with 6 mole- 
[a]? + 59.80 (CHCI,); m. p. 200- 
Elemental analysis gives the 

C, 68.27, 68.88, 68.42, 68.69: 
H, 6.71, 7.28, 7 07,7 7.12; N, 6.83, 7.00, 7.09; OCH, 
13.58; (N)CH,, 2.28; (C) CHy, 5.39. The actual 

empirical formula of leurosine has not as yet been 
completely defined. Work is under way to deter- 
mine its structure 

The ultraviolet spectrum in ethanol shows 

maxima at 213 and 261 my with shoulders at 287, 
294, and 310 my; log E(1%, 1 cm.) at 213 my = 
2.76, log E(1%, 1 cm.) at 261 mez = 2.24. The 
ultraviolet spectrum in acidic ethanol shows maxima 


* Received September 29, 1958. from the Lilly Develop 
ment Laboratories, Eli Lilly and Co., Indianapolis, Ind 
The author is grateful to Messrs. R. J. Armstrong and A. T 
Oliver for laboratory assistance, to Dr. H. E. Boaz and Mr 
P. Landis for infrared data, to Mr. L. Howard for ultra 
violet data, to Mr. H. Bird and Mrs. N. Cone for paper 
chromatographic studies, to Messrs. W. L. Brown, R. Hughes, 
L. Hunter, and G. M. Maciak for microanalytical data, 
and to Drs. M. Gorman and N. Neuss for valuable sugges- 
tions offered throughout the course of this investigation 
! The drug used in this study was obtained from the Meer 
Corp. and was botanically authenticated by Dr. V. H. Madis. 
? Since the isolation of these alkaloids, it has been learned 
that Drs. R. L. Noble, C. T. Beer, and J. H. Cutts have re 
ported the isolation of another new alkaloid from this plant 
(N. Y¥. Acad. Sci., in press), which they call vincaleucoblas- 
tine. The comparison of the physical properties of these 
compounds, including paper chromatographic behavior 
shows them to be different. I should like to thank Dr 
Noble and his associates for an authentic sample of vincaleu 
coblastine sulfate 


at 214 and 266 my with shoulders at 285, 294, and 
310 mg; log E(1%%, 1 cm.) at 214 mu = 2.80, log 
E(1%, 1 cm.) at 266 = 2.27 

The infrared spectrum of a chloroform solution of 
the hexahydrate shows a weak band at 2.90 yw, sug- 
gesting an NH grouping. The intense bands oc- 
curring at 5.72 and 8.1! uw probably indicate the pres- 
ence of one or more ester groupings in the molecule 
Other bands occur at 2.80, 3.33, 3.39, 6.16, 6.63, 
6.83, 6.95, 7.26, 7.49, 8.64, 8.71, 8.82, 8.91, 9.02, 
9.15, 9.39, 9.59, 10.75, and 11.10 yw. 

When chromatographed in isobutanol saturated 
with water on No. 1 Whatman paper saturated 
with pH 3.0 buffer, leurosine exhibits a dark spot 
at R, 0.38-0.42 under short wavelength ultraviolet 
radiation. 

Virosine.—-M. p. 257-262° (decompn. ). 
analysis, C, 68.88; = 6.81 
(N)CH,, 0; (C)CH;, 3.07. The ultraviolet spec- 
trum shows maxima at 226 and 270 mu, with shoul- 
ders at 280 and 292 my; log E(1°%, 1 cm.) at 226 
mys = 2.88, log E(1%, 1 cm.) at 270 me = 2.33. 
The infrared spectrum of a chloroform solution 
shows characteristic bands at 2.81, 3.03, 3.43, 5.67, 
6.88, 7.93, 8.78, 9.07, 9.20, 9.36, 9.52, 9.94, 10.55 
uw. Virosine, as leurosine, exhibits a dark spot 
under short wavelength ultraviolet radiation on a 
paper strip; R, 0.5 

Perivine._M. p. 180-181°. 
C, 69.42, 69.72; H. 6.49, 6.45; N, 7.48, 7.41; 
OCH;, 8.63; (N)CH;, 1.82; (C)CH;, 3.78. The 
ultraviolet spectrum shows a maximum at 314 my 
and shoulders at 226 and 240 mu; log E(1°, 1 cm.) 
at 314 me = 2.67. The infrared spectrum of a 
chloroform solution shows characteristic bands at 
2.90, 3 40, 5.79, 6.07, 6.34, 6.50, 6.89, 6.96, 7.52, 
7.68, 8.58, 8.80, 8.95, 9.08, 9.46, 9.82, 10.63 uw. 
Perivine exhibits a bright blue fluorescence under 
short wavelength ultraviolet radiation on a paper 
strip; R, 6.60 

Detailed methods of obtaining leurosine and 
studies on structure determination will be discussed 
at a later date, as will the biological activities pres- 
ently being evaluated, primarily the effect of leuro- 
sine on experimental leukemias. 


Elemental 
N, 7.43; 8.40; 


Elemental analysis, 
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Book Notices 


The Impact of the Antibiotics on Medicine and Society 
Edited by Iago Galdston. International Univer- 
sities Press, Inc., New York, 1958. x + 222 pp. 
14 X 21.5cm. Price $5. 

This monograph, the second published by the In- 
stitute of Social and Historical Medicine of the New 
York Academy of Medicine, covers a wide field 
starting with ‘““The Microbiology of the Soil and the 
Antibiotics,”” by S. A. Waksman, to Effects of 
the Antibiotics on Society,”” by L. B. Hobson. 
Some of the other topics are: historical surveys of 
early antibacterial and antibiotic concepts, mass 
production of antibiotics, application to plant and 
livestock industry, and the extent of their impact on 
clinical medicine. No index is included. 


Current Drug Handbook 1958. By Mary W. 
Falconer and H. Robert Patterson. W. B. 
Saunders Company, Philadelphia, 1958. viii + 
157 pp. 16 X 23.5cm. 

This book is a tabulation of about 1,000 drugs in 
current use, grouped according to pharmacological 
or therapeutic properties. The information in- 
cluded is given under the column headings: names 
and general information (includes toxicity and 
treatment for poisoning), preparations, dosage, ad- 
ministration, and remarks on use. The difficulty in 
keeping such a listing current is indicated by the 
fact that N. N. R. 1954 is cited as a source of mate- 
rial in addition to U. S. P. XV and N. F. X. An 
index of the drugs listed is appended. 


Aliphatic Fluorine Compounds. By A. M. Love- 
lace, Douglas A. Rausch, and William Postel- 
nek. Reinhold Publishing Corporation, New 
York, 1958. x + 370 pp. 15 XK 23 cm. Price 
$12.50. 

This book is one of the American Chemical Society 
monographs. It covers the preparation and prop- 
erties of all reported organic fluorine compounds 
other than the aromatic compounds. Each chapter 
is devoted to a specific class or classes of fluoroorganic 
compounds such as alkanes, alkenes, alcohols, etc. 
Physical properties and references are included in 
the 61 tables of different groups of compounds. 
References are given at the end of each chapter, and 
an index is appended. 


By Charles O. Wilson 
J. B. Lippincott Co., 
14 X 21 cm. 


American Drug Index 1958. 
and Tony Everett Jones. 
Philadelphia, 1958. 716 pp. 
Price $5. 

The third edition (1958) of this very useful compi- 
lation of generic, trade, and chemical names and 
composition of drugs and dosage forms, with in- 
dicated uses of pharmaceuticals and chemicals, 
continues the comprehensive coverage of this con- 
stantly expanding field. The 1958 edition’s 716 
pages of condensed information indicates the added 
material when compared with the 650 pages in 
1957 and 576 pages in 1956. 


An Introduction to Pharmacology and Therapeutics. 
9th ed. By J. A. Gunn. Oxford University 
Press, London, 1958. ix + 327 pp. 12 X 18.5 
em. Price $4.25. 

This introductory textbook had not been revised 
since 1948. The author notes that the medical 
practitioner finds it hard to keep up with the rapid 
and coritinuous advances in therapeutics; that a 
student faces a list of outlandish names with which 
he must associate pharmacological and therapeutical 
properties. As a discriminatory basis he uses the 
B. P. and U. S. P. for guidance. The most sub- 
stantial additions in this revision of the text have 
been made to antibiotics, hormones, autonomic 
drugs, anesthetics, analgesics, sedatives, and anti- 
histamines. Noting under ‘Sedatives"’ that certain 
drugs are referred to by the seductive name of 
“tranquilizers,"’ the author writes: “Their per- 
manent value in therapeutics is not still precisely 
established. It can be expected that their indis- 
criminate use will not be without hazard.” 


The Atomic Age and Our Biological Future. By 
H. V. Brg@nsted. Translated by E. M. Huggard. 
Philosophical Library, New York, 1957. xiv + 
80 pp. 12 X 18.5cm. Price $2.75. 

The aim of this pocket-size book is to describe 
the biological, and particularly the genetical, effects 
that might result unless rigorous control of atmos- 
pheric radiation is ensured. 


Fat Consumption and Coronary Disease: The Evolu- 
tionary Answer to this Problem. By T. L. Cleave 
Philosophical Library, New York, 1958. 40 pp. 
12 X 18.5em. Price $2.50. 

The author suggests two main rules in eating: Eat 
foods in their natural state (permits simple cook- 
ing). Eat foods in strict proportion to the appetite 
(mixtures only in accordance with personal tastes). 


Our Nuclear Adventure, lis Possibilities and Periis. 
By D. G. Arnott. Philosophical Library, New 
York, 1958. xi + 170 pp. 14 XK 22cm. Price 
$6.00. 

This small book is a review of basic information 
pertaining to nuclear reactions and the related 
behavior of mankind with this new force. 


General Biochemistry. 2nd ed. By Joseph S. 
Fruton and Sofia Simmonds. John Wiley & Sons, 
Inc., New York, 1958. x + 1077 pp. 15 X 22.5 
em. Price $18. 

This book presents a revision of the first edition 
which was reviewed in Tors JOURNAL, 42, 507(1953). 
The style and arrangement has been retained, and a 
new chapter on Alternative pathways of carbohy- 
drate metabolism has been added. It includes many 
references and a good index is appended. The 
book is intended as a textbook which presents the 
structure of modern biochemistry from a general 
point of view, and it is well done. 
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Vitamin By 
Co., Ine 
Jersey, 1958 


Merck Service Bulletin. Merck and 
Chemical Division, Rahway, New 

193 pp. 15 XK 23 cm. 

This latest volume in the series of Merck Service 
Bulletins presents a comprehensive coverage of 
information on vitamin By. It is directed partic- 
ularly to the pharmaceutical manufacturer, but it 
contains much information of interest to others in 
pharmacy and related fields. Author and subject 
indexes are appended 


Czechoslovak Fine Chemicals Standards. Vol. 2 
M. Nedeljak, editor. Chemapol, Praha II, 
i Czechoslovakia, 1957. 444pp. 12 X 21cm. 


This book (in English) is published by Chemapol, 
a foreign trade corporation for the import and export 
of chemical products and raw materials. It is the 
revised edition of Vol. 1, which was reviewed in Turs 
JOURNAL, 45, 820( 1956) 


Cahiers de Synthése Organique. Vol. 4. By Jean 
Mathieu and Andre Allais. Masson et Cie., 120, 
Boulevard Saint-Germain, Paris 6, France, 1958 
272 pp. 15 XK 22cm. Price 5500 F 
This fourth volume continues the series relative 

to the elaboration of molecular structures. It in- 
cludes acylation in aliphatic and aromatic series, 
and bifunctional condensations. Each chapter 
presents a graphic synopsis; a discussion of the 
related principles; descriptions of the mechanisms, 
applications, and reactions; and a tabulation of 
startiig materials, products obtained, condensing 
agents and solvents, vields, and references. A reca- 
pitulative table of the functional groups and the 
created arrangements coveriig vols 
cluded 


1 to 4 are in- 


Principles of Research in Biology and Medicine. By 
Dwight J. Ingle. J. B. Lippincott Company, 
Philadelphia, 1958. xv + 123 pp. 15 X 23 em. 
Price $4.75 
This book is directed to students who are preparing 

for or are beginning research in microbiology and 

medicine. It is written in a style that should hold 
the student's interest while informing him of the 
proper mental approach to scientific experimentation 
in general and to the selected field in particular 

The author states: ‘‘The student of truth must also 

study error, .”’ and he gives 28 fallacies that apply 

to experimentation. It is a good book for any ex- 
perimenter 


The Chemistry and Chemotherapy of Tuberculosis. 
3rd ed. By Esmond R. Long. The Williams & 
Wilkins Company, Baltimore, 1958. xviii + 
450 pp. 15 X 23cm. Price $12. 

This third edition follows the style and chapter 
arrangement of the second edition but the text has 
been rewritten to include the many recent advances 
in this field. Section I on Chemistry of Tubercle 
Bacilli covers all aspects from structure and stain- 
ing to biologic activity of components. Section II 
includes nine chapters under Chemical Changes in 
the Tuberculous Host, and Section III includes 
eleven chapters on the Chemotherapy of Tuber- 
culosis. Each chapter has its references and a good 
index is appended. 


JOURNAL OF THE AMERICAN PHARMACEUTICAL ASSOCIATION 


Vol 


XLVII, No. 11 


Veterinary 


Anaesthesia 


4th ed. By John G 


Wright. The Williams & Wilkins Company, 
Baltimore, 1957. xiii + 317 pp. 14 X 22 cm 


Price $5.75 

This fourth edition of a book which apparently 
has had wide use in Great Britain since 1941 has beea 
brought up to date and represents the latest ac- 
cepted procedures in presurgical and surgical anes- 
thesia in farm animals, pets, and laboratory animals 
The text is divided into 33 chapters and an index is 
appended 


Dynamic Anatomy and Physiology. By L. L 
Langley, E. Cheraskin, and Ruth Sleeper. Mc- 
Graw-Hill Book Company, Inc., New York, 1958 
viii + 719 pp. 15.5 X 23cm. Price $6 
This textbook presents a concise course on anat- 

omy with the study of function or physiology in- 

tegrated into the instructive requirements for junior 
college or college courses for nursing students. The 
text has many illustrations and includes a color atlas 


of the human body. An index is appended. 


Clinical Enzymology. Edited by Gustav J. Martin 
Little, Brown & Company, Boston, 1958 
241 pp. 15 KX 23.5cm. Price $6 
This book presents the case for the parenteral ad- 

ministration of enzymes. The text is divided under 

the headings: Protein biology, Chemistry of enzymes 
used clinically, Biochemistry of enzymes used clini- 
cally, Parenteral use of enzymes in medicine, Diag- 
nostic use of enzymes, Polymerases in biology, and 

Recapitulation and perspectives for clinical enzy- 

mology. References are given for each chapter and 

a subject index is appended 


viii + 


Methods in Medical Research. Vol. 7. 
Warren, editor-in-chief. The 
lishers, Inc., Chicago, 1958. 
X 21.5¢cm. Price $7.50. 

This volume, the seventh in the series, is divided 
into four main sections in which the contributed 
articles were grouped by the associate editors under 
the headings: Chemical investigation of muscular 
tissues, Hemodynamic methods—heart and lungs, 
Methods for the study of human leukocytes, and 
Methods for study of the histology and cytology of 
the retina. References are given for each article, 
and subject and name indexes are appended. 


Warren \. 
Year Book Pub- 
xiii + 237 pp. 14 


Ton Exchange Resins. 2nd ed. By Robert Kunin 
John Wiley & Sons, Inc., New York, 1958. xiii 
+ 466 pp. 15 XK 23cm. Price $11. 

The second edition of this book is designed to 
serve the purpose of an introductory text and appli- 
cations guide, just as was the first edition, which was 
reviewed in Turs JouRNAL, 40, 219(1951). How- 
ever, many of the developments have grown to such 
importance during the last eight years that whole 
chapters are devoted to them instead of the sentence 
or paragraph in the first edition, e. g., permselective 
membranes, hydrometallurgy, sugar refining, and 
specific exchange resins. The alphabetical list of 
numbered references (referred to by number in the 
text) includes 1,170 entries. Tabulated data, as 


well as author and subject indexes, are appended. 
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Infrared Absorption Spectra of Steroids. An Atlas. 
Vol. 2. By Glyn Roberts, Beatrice S. Gallagher, 
and R. Norman Jones. Interscience Publishers, 
Inc., New York, 1958. viii + 95 numbered 
pages and an atlas of 451 spectra on unnumbered 
pages. 15 X 23cm. Price $20 
This second volume follows the style and arrange- 

ment of the first volume which was reviewed in TH1s 
JouRNAL, 43, 384(1954). The introductory portion 
is covered in 19 pages, and is followed by a table of 
characteristic group frequencies which occupies the 
next 19 pages. Spectra of 760 substances occupy 
most of the text, with a functional index and an 
alphabetical index of the charts at the end of this 
section, 


Exposés Annuels de Biochemie Médicale (19357). 
Vol. 19. Published under the direction of P. 
Boulanger, M.-F. Jayle, J. Roche, and J. Polon- 
ovski (Secretariat). Masson et Cie, Editeurs, 
Libraires de L’ Academie de Médecine, 120, Boule- 
vard Saint-Germain, Paris-vi*, 1957. 239 pp. 
16.5 & 25em. Price 3,000 fr 
This revue (in French) of the biochemical medical 

advances is the nineteenth in the series and includes 
reports on: Some new aspects of the clinical study 
of plasma proteins, Macroglobulins and macro- 
globulinemias, Dysproteinemias, C-Reactive-protein 
Seric lipoproteins, Steatorrhea, Venomous substance 
from Amanita phalloides, Component amino-acids 
of tissues and body fluids, Thermodynamic study of 
immunologic reactions, Aldosterone, Recent progress 
in the chemistry and physiologic reaction of steroids, 
and Recent studies on steroidogenesis in human 
gonads. An index of authors, with the titles of 
their reports that appeared in volumes 1-19, is 
appended 


5-Hydroxytryptamine. Edited by G. P. Lewis. 

Pergamon Press, New York, 1958. xvii + 253 

pp. 14 X 21.5cm. Price $9.50. 

This book is a compilation of the papers presented, 
and discussions of them, at a symposium on 5- 
hydroxytryptamine. The occurrence, metabolism, 
and the actions of this compound in areas affecting 
cardiovascular actions, nerve endings and ganglia, 
carcinoids, anaphylaxis, and gastric secretion are 
covered. Peripheral antagonists of 5-hydroxytrypt- 
amine, and its central actions and antagonists to 
them are reported. The general discussion covers 
occurrence and metabolism, peripheral actions, and 
central actions 


Standard Methods of Clinical Chemistry. Vol. 2. 
By the American Association of Clinical Chemists. 
Davis Seligson, editor-in-chief. Academic Press, 
Inc., New York, 1958. xiii + 217 pp. 15 X 23 
em. Price $5.50. 

The explanation and description of tested clinical 
analyses in this volume follows the same style that 
was used in Vol. 1, which was reviewed in Tuts Jour- 
NAL, 42, 706(1953). Subjects in Vol. 2 include: 
Calcium (complexometric), Cephalin-cholesterol floc- 
culation test, Chloride, Cholesterol in serum, Total 
fatty acids in stool, Gamma globulin in serum, Hemo- 
globin, Free and conjugated 17-hydroxycorti- 
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costeroids in plasma, Iron in serum, 17-Ketosteroids 
in urine, Pancreatitis-lipase, Nitrogen by the Kjeld 
ahl method, Nonprotein nitrogen, Determination of 
blood pH, Alkaline and acid phosphatase, Phos- 
phatides in plasma, Porphyrins in urine, Protein- 
bound iodine in serum, Sodium and potassium by 
flame photometry, Sulfobromophthalein (BSP) in 
serum, and Urobilinogen in urine and feces. Refer- 
ences are given after each subject, and author and 
subject indexes are appended. 


The Year Book of Drug Therapy. 1957-1958 Series. 
By Harry Beckman. The Year Book Publishers 
Inc., Chicago, 1958. 518 pp. 138 X 19.5 em. 
Price $7.50. 

This annual review of medical literature represents 
the careful and complete coverage and selection by 
Dr. Beckman that has prevailed throughout this 
series. In an opening editorial, Dr. Beckman 
irately denounces some of the promotional activities 
associated with new drugs. The style and format 
of the series is maintained and the usual good author 
and subject indexes are included. 


Methods of Biochemical Analysis. Vol. 6. Edited 
by David Glick. Interscience Publishers, New 
York, 1958. ix + 358 pp. 15.5 X 23 ecm. 
Price $8.50. 

This sixth volume of the series emphasizes meth- 
odology and instrumentation, with each chapter pre- 
sented with a background discussion and review, 
followed by a critical evaluation of the various 
approaches and a presentation of the procedural 
details of the method or methods recommended by 
the author. The subjects covered are: New devel- 
opments in the chemical determination of nucleic 
acids, The microbiological assay of nucleic acids and 
their derivatives, The determination of formaldehyde 
and serine in biological systems, New methods for 
purification and separation of purines, Assay of 
serotonin and related metabolites, enzymes and 
drugs, Determination of transaminase, Glycolipide 
determination, Methods for the determination of 
thiamine, Rapid electrophoresis in density gradients 
combined with pH and/or conductivity gradients, 
and reference author and subject indexes for this 
volume and cumulative indexes of contributors and 
subjects covered in volumes 1-6. 


Ocular Allergy. By Frederick H. Theodore and 
Abraham Schlossman. The Williams & Wilkins 
Company, Baltimore, 1958. xviii + 420 pp. 
15 X 23cm. Price $12. 

This book is directed primarily to the practicing 
ophthalmologist and allergist, but it includes much 
useful information for the dermatologist. Allergenic 
actions of cosmetics and drugs are reviewed, and, 
with reference to ophthalmic medicaments causing 
ocular eczema, it is stated: ‘Most of the time how- 
ever, ointments, especially ones used to relieve itching 
or irritation of the eyelids, such as those containing 
anesthetics, antihistaminics or even corticoster- 
oids, are the prime offenders. Even the mild 
ointment bases themselves may cause the reaction.” 
Difficulties in diagnosis of ocular allergies are dis- 
cussed. The text is illustrated and includes many 
references. An index is appended. 
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Pharmacology in Medicine. 2nd ed. Edited by 
Victor A. Drill. McGraw-Hill Book Company, 
Inc., New York, 1958. xi + 1243 pp. 21.5 X 
28em. Price $19.50 
This second edition of a very good collaborative 

textbook designed for students and practitioners of 

medicine is presented in the same manner and style 
as the first edition, which was reviewed in THs 

JouRNAL, 44, 255(1955). The text material has been 

revised to include later information, and a new 

chapter on Drugs Affecting Behavior has been added. 

Chapter 40 was included as an Addendum in order to 

incorporate the recently marketed oral diuretic 

chlorothiazide (Diuril). The second edition merits 
the high opinion expressed for the original publi- 
cation. 


The Pasteur Fermentation Centennial 1857-1957. 
A Scientific Symposium edited by Editorial Proj- 
ects, Inc. Chas. Pfizer & Co., Inc., New York, 
1958. xiii + 207 pp. 15 XK 23 cm. 

This book is the record of the conference held to 
memorialize the publication by Pasteur, in 1857, of 
his paper showing that fermentation of lactic acid 
was caused by microorganisms. Included are 
symposia on: Cellular and biochemical interplay 
between host and parasite, New developments and 
prospects in fermentation chemicals, and Trends in 
antibiotic research. Bibliographies of all papers are 
appended, but a general index is omitted. The 
reports are interesting and instructive. 


Federal Food, Drug, and Cosmetic Act, Judicial and 
Administrative Record, 1953-1957. Vincent A. 
Kleinfeld and Charles Wesley Dunn. Commerce 
Clearing House, Inc., Chicago, 1958. xiv + 
1127 pp. 16.5 X 24.5cm. Price $25. 

This volume is the fourth book by Kleinfeld and 
Dunn on the Federal Food, Drug, and Cosmetic 
Act, compiling its amendment, administration, and 
judicial record from 1958 to 1958; and also the 
official annual reports on that Act. The three 
earlier volumes covered the periods 1938-1949, 1945- 
1950, and 1951-1952, and were reviewed in Tus 
JourNAL, 40, 304(1951); 41, 51(1952); and 42, 
507(1953). 

Their style and arrangement for clear and 
thorough coverage of the material established a 
pattern which has been very satisfactory, partic- 
ularly for rapid reference, and it is followed in the 
present volume 

The book is divided into four major portions: (a) 
opinions and decisions, full texts of the Federal Food, 
Drug, and Cosmetic Act with amendments and 
principal regulations; (b) “Statements of General 
Policy or Interpretation” issued by the FDA during 
1953-1956; (c) all new regulations promulgated by 
the Secretary of HEW during 1953-1956 dealing with 
definitions and standards of identity for foods; (d) 
cumulative tables of references to the pertinent 
material for the period 1938-1956 in connection with 
any problem under any section of the Act. The 
new volume contains a cumulative index to the ma- 
terial in the four books in this series. Those who 
have had the opportunity to use the earlier volumes 
will welcome this new addition to their reference 
libraries. 


Topics in Microbial Chemistry. By F. M. Strong. 
John Wiley & Sons, Inc., New York, 1958. xi + 
166 pp. 12.5 X 18.5cm. Price $5. 

This small book is based on a series of lectures 
by Dr. Strong and discusses antimycin (a tool of 
biochemical enzymologists), kinetin, and coenzyme 
A. Their basic chemistry, preparation, and prop- 
erties are covered. Investigators will be interested 
in the treatment of kinetin and the kinins, a newly 
discovered group of plant hormones obtainable from 
microorganisms and physiologically active at very 
great dilutions. References and an index are in- 
cluded. 


Mechanisms of Inorganic Reactions. By Fred 
Basolo and Ralph G. Pearson. John Wiley and 
Sons, Inc., New York, 1958. xi + 426pp. 15 
22.5cem. Price $11.75 
This book is subtitled “‘A Study of Metal Com- 

plexes in Solution,” and includes the modern theories 

in the mechanisms of substitution reactions of metal 
complexes, oxidation-reduction reactions, and metal 
ion catalysis. The crystal field theory of metal- 
ligand bonding is covered, and kinetic and mecha- 
nistic features of inorganic reactions are emphasized. 

Prior studies in coordination chemistry, stereo- 

chemistry, and reaction kinetics are useful in follow- 

ing this text. Chapter references are given, and 
indexes of authors and subjects are appended 


Standard of Japanese Pharmaceuticals. Abstracted 
from J. P.andJ.N.F. Edited by Japan Pharma- 
ceutical, Medical, and Dental Supply Exporters’ 
Association. Published by Japan External Trade 
Recovery Organization, Tokyo, Japan, 1958. 
543 pp. 15 XK 21 cm. 

This book presents in condensed form the mono- 
graphs of drugs standardized in the Japanese Phar- 
macopoeia and the Japanese National Formulary. 
It explains briefly how drug standards are main- 
tained and states: ‘These standards of Japan were 
established after a thorough study of U.S. P., B. P., 
and other official standards of foreign countries.” 


Soviet Pharmaceutical Research. Vol. I. Phar- 
maceutical Chemistry. Vol. II. Pharmacognosy. 
Vol. III. Medicinal Chemistry. Collected and 
translated into English Consultants Bureau, 
Inc., 227 W. 17th St., New York 11, N. Y., 1958. 
22 X 27cm. Vol. I, 447 pp., price $95; Vol. II, 
401 pp., price $390; Vol. III, 556 pp., price $100; 
Unit of 3 vols., price $200. 

The articles that have been selected from the Rus- 
sian literature and translated into English for these 
volumes are important for the information they con- 
tain as well as because they are unavailable in com- 
plete English form elsewhere. Volume I includes 74 
papers under the general headings: Solubility; Sta- 
bility; Ion-Exchange; Emulsion, Suspensions, Gels; 
and Miscellaneous. Volume II includes 82 articles 
under the general headings: Alkaloids (61 articles); 
Oils; Glycosides; and Miscellaneous. Volume III 
includes 87 articles under the general headings: 
Structure-Activity Relationships (10 articles), and 
General (77 articles). These compilations should be 
available to graduate students and research workers 
in the fields represented. 
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WN VITRO MEASUREMENT OF ANTACID ACTIVITY 
Type F-MATT 
Aluminum Hydroxide Gel USP 
Aluminum Hydroside Dried Gel USP 


00 20 40 60 


TIME — min 
Procedure of Holbert, Noble. ond Grote - - Modified Reheis Co. Inc 


Aluminum Hydroxide-—-Magnesium Carbonate 
Co-Precipitate Dried Gel Type F-MATI 


The ideal antacid, one which gives prompt, prolonged acid neutraliza- 
tion action in the optimum pH range, can now be prepared from Reheis 
Aluminum Hydroxide— Magnesium Carbonate Co-Precipitate Type 
F-MAI11. This combination, a finely divided white powder, makes it 
possible to make antacid tablets, capsules or powders whose perform- 
ance favorably compares with liquid preparations. 

In vitro measurements of antacid activity, the above graph clearly 
demonstrates this comparison with Aluminum Hydroxide Gel U.S.P., 
and a superiority over widely-accepted Aluminum Hydroxide Dried 
Gel U.S.P. 

Write today for full data and samples 
of this newest Reheis antacid and buffer compound. 


Manufacturers of Fine Chemicals 


A. 
6 Ss 
40 4 
f 
2.0 
ee 80 100 120 140 160 
| REHEIS 
REHEIS COMPANY, INC, 


66660606066 


Using Spectrophotometric Analysis we detect 


9 


Highest order of 
light stability and purity ever 


refining process and the elimination of those 
assured in White Oils. 


substances which gradually decompose and 
impart an objectionable odor to the oils upon 


exposure to light. 


impurities in White Oils which heretofore defied 
ordinary testing—even amounts as low as 2 parts 
per million. This permits positive control of the 


result: 


WHITE OILS 


N. 


PENNSYLVANIA REFINING COMPANY 


BUTLER, PENNSYLVANIA 


Branches: Cleveland, Ohio and Edgewater, 


‘on 


trol 
Specifications, 


or for Detailed 


Write for Further Details on 
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